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= SEVERAL ſubſcribers to this courſe having inti- 
Fj Þ mated their defire of having an abſtras of the leAures, to 
% Qt them in the recolleftion of ſuck parts as they might 
= | wiſh to remember, but which could not poſſibly be treaſured 
* 5208 wp in the memory at the time of delivery, the following Com- 
WW pendium is drawn up for their maſts, and a number of Notes | 
 ' _ ere added, to explain and A fuck rules as the young 
An uus in philoſophy might , en without ſome fuck 
. . Help, have perfettly undenjioods an addition which, it is 
3 _ oped, by making the matter more intelligible, will render 
4 1 more agreeable. 
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Sir Iſaac Newton, and le "ble 

rom the eee n 3 N 

e atter a rigarous and ical way 
14 probably be unintelligible. ro ſome of my ſub- 

Ader , and therefore, to he hetter 1inderſtcod, I will 

endeavour ta expreſs myſelf upon the Fa in a man- 


der ſuitable to al capacities. e ; 191957346 Þ 
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2 PROPERTIES OF MATTER 


which are obſerved to happen among the natural bodies 
of this world. 2 = * 8 
Def 2. By a natural body of this world is meant 


any diſtinct aſſemblage of matter, whether ſolid or 


fluid therefore all the bodies of this world comprize 
the whole ſyſtem of matter which it contains. But 
neither theſe bodies, nor thoſe parts of matter, are ſo 


fixed and determined to any one abſolute place or ſitua- 


50 tion, but that they may be removed to another. 


Def. 3. Wurx we obſerve any of theſe changes pro- 


| duced, the appearance of ſuch change we call Natural 


Ph.enomena,.and. the reaſon of natural phænomena it is 


the buſineſs of natural philoſophy to explain; and this 


is no ſmall branch of learning, for it both importantly 
regards the common affairs of life and is alſo a high 
and refined part of ſpeculative knowledge, no leſs than 


7 view into the laws which Providence hath appointed 


for the regulation of all things ; and upon this account, 
if it terminated; in ſpeculation only, it would neither be 
an uſeful nor an entertaining ſcience. To be gratified 
with a view of the methods which nature makes uſe 
of in her works, and to [ce the perfect chain of reaſon 
maintained in the conſtitution and deſign of things, 
muſt give the higheſt ſatisfaction to a rational mind; 
for to admire a thing before it be underſtood is the 
paſſion, of a light mind, but when the nature of the 
thing is laid open; when all the arguments and adjuſt- 
ments become Known, and ſeen to be exquiſitely mo- 
deled, it will ſtrike a man of underſtanding with admi- 


ration. It is true there is a beauty and harmony in the 


works of nature which cannot eſcape the moſt vulgar 
eye; the viciſſitudes of ſeaſons, the alternate revolution 

of day and night, the profuſe gaiety of the fields, the 
artleſs melody of the inhabitants of the woods, and a 
thouſand other pleaſing varieties, will always charm the 
mind of every intelligent and reflecting being; yet the 
rapture is infinitely improved to a mind that can trace 
all theſe" effects to their cauſes, and take the whole 
22 AD een eren N Feen * mechaniſm 
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AND MAGNETISM.” 7; 
meckianiſtii of nature under | proper examination, The 
advantages of natural pendler accrue not only to 
ſpeculative men, they greatly affect all mechanics; the 
perfection of engines, inſtruments, and machines: for 


carrying on the affairs of ſociety, entirely depending 
on a thorough knowledge * the laws of nature. 


Sir Iſaac Newton in his Printipia fins aid She 
four following rules, as the fundamental principles to 
tage > in oyr purſuits after "philoſophical" k le. 

1 

Nule t. "Moir entiſes bf rel things are not t be 
adivieged than ate b6th t true and ſufficient to explain 
the phænomen 
Keule 2. Av therefore of ag effects ePthe ſame 
kind, the ſame cauſes are hd be” 'Uſſigned, a8 as far as it 
can be done © 

Rule 3. Tur elne; of eu bodies ch can- 
1168: be increaſed or diminiſhed, and agrees to all bodies 
in which experiments can be made, are to be feckoned 
as the qualities of all bodies whatſoever. T? 

Rule 4. IN 8 philoſophy propoſitions 
colleRted from the phænomena by induction are to be 
deemed either pe or very nearly true, till other 
phznomena occur, by which they may be ren 
either more accurate, or leſs liable to exception. & 

I rx according to theſe rules we take a furvey of the 
viſible. world, and ſtrictly examine the nature of par- 
ticular n we ſhall find reaſon to conclude that 


. For nature 100 vothiig 3 in vith, but is ſimple, and celights 
nov in ſuperfluous cauſes of things. 

+ As the reſ ney of man and beaſts ; of Ii ſight in a culinary 
fre and in the fun, & | 
t Tuvus becauſe bardneßz, divifibility, gravity, Ec. are found 
in all bodies Which fall under our inſpection, we may juſtl For 
clude they belong to all bodies whatſoever ; and are therefore to 
1 the original and Tt properties of all natural 

les. 
$ Tarts ought-to be done, len arguments of induction ſhould 
be * by hypotheſis. 

: B 2 they 


4 PROPERTIES OF: MATTER 


they all conſiſt of one and the ſame fort of matter, and 
that all the diverſity or difference ariſes. only from the 
various modificatians and different. adheſions. of. the 


5 ſame particles of matter. 6 gary 


MaTzes thus variouſly conficcarated c. 
infinite variety ot bodies, which are found to have the 
following properties, viz. 
-;ExTzx$10N, or that by which it poſſyſſes, ar takes 
vp, ſome part of univerſal © Indi which ee en 


the ſpace of that body. 


SOLIDITY, ſometimes called the impenetrabilig, of 
Matter, is that property hy which a body excludes all 


others. from the place which itſelf poſſeſſeth; fon it 


would be abſurd to ſuppoſe that two bodies could Pot 


enen. che ſame place at the ſame time. 


inkl fr vr fp chat property/by which the parti 
law matter in all bodies are capable of a ſeparation 


or diſunion from each other how far this may actually 
obtain in nature ig nat caſy to ſay, but in a mathema- 
eee, eee ee a 


er — +; 5 * on! which jg called 


into length 14 WO hie i is ca alled a a 2 3 
1 into ſengih, breadth, anddepth, whickisealled 1% 
bak the thiee, dimenſions, according to the quantity of which the 
nitude 15 bulk of, bodies are ee Lises are in the 
ngle. 77 75 ſuperkcies are in the e ratio, and, ſolids are in 


the po cate ratio. 
the 10 LEA Single/ratio,” 29 Y 12 1 6 Page: D 1 
1 1 oy bs Duplicate ratio; 4 1 3 21 16 : 365 ROY 
1 Triplicate ratio, 1:8 :; 8: 54 0 17011 
4 if a as of — be melted with a fingle grain of gold in 
i, the g old will ly diffuſed throughout the whole. 


A FA of gold mn extended by goldbeaters into a leaf of 


85 e and this leaf may be divided;into 500000 viſi- 


for an inch in length can be divided into 100 


den it one; . be magnified by a microſcope. that mag 
DE Shs 199, rocky it, w 1 80 make 10099 un that — multiplied 4 
WR, produce 5 29g wil. and Rove that thie 8 
n gy foall, art of 4 gran af gol d can; be made viſible. 
NG ag are 1 in zitding, and ge" wete 7 ld tpehr te By 
would de aalx one iach thick. | 
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ſmall particles of matter, unive 


AND. MAGNETEHS My 1g 5 

ry is that pro 9 all ee . 
being mov or 0 changing t Pace: 

SSH IS, evident. to of: our ſenſes. | 
Tus Vis Inertia, or inactivity of matter, is that wa 


perty by which it endeavours to continue 111 its ſtate of 
motion or reſt; ar by which it reſiſts the a(Rions or im- 


preſſions of all other bodies which tend nen, or 


deſtroy motion therein.“ 

ArraAcriox is a property that we kind all matter 
endued with in a greater or leſs. by this pro- 
perty the particles of matter attract ea ch other by a 


Tos that cauſes them mutually to accec qe to-gachother. 


his tendency of one 5 nente 
tion, or in the abſtract 151 ) 
ReevLisionN jpg to be a pro r belonging do che 
Y.:; for they: hey do not 
more evidently attract in ſome antenne ke they 
repel in others. of ban 0 
Theſe are che general properries of matter, which we 
muſt, gn. in our ex e the various phæno- 
mena of nature in the ſenſe we; have defined them: they 
are the ſeveral data, or fundamental, principles: on wich 
the ſcience of philaſophy — and, will each of 
them 1 1 an p both ch im the ſpeculative and 
actic in with the attt action of 
Ch et. conſider its ſeveral 1 peci es, and prove their ex- 
iſtence, and the Je of ea ch, by experiments. 
Tux power af attraction, or cauſe of gravity, eannot 
be reciſely defined, but that fi ich a power des exiſt js 
evident, and the laws of its «bal ſhall aſſign by rea- 
ſon and pi yo pt ow 
To this end _ conſid er, that a7 kind of pow- 
er, proceeding a body va right lines.every Way as 
7800 a bender, muſt decreaſe 3 in RAN 


j 


a Matter can e gep af . by ball 

upon the whitling-table, which pyeither „ n wann, the 

wn * nor oy nn . of 
LECT 


— 


Fa 
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rt dhe Giſtinice froh the” body increlle f. "Hence 


light, heat, odours and perfumes, which conſiſt of par- 
ticles or effluvia, that proceed every way from lumi- 
nous, heated, and odoriferous bodies, as from a centre, 
have always their forces abated according to the above 

law. The force of found allo decreaſes in the ſame 


proportion. 

By virtue of this — power the grand machi- 
nery of the folar is governed; it is therefore 
of the greateſt conſequence to be acquainted with the 
different ſpecies of this univerſal power, and to learn 


by experiment the peculiar nature, laws, or manner of 


action in each ſort of attraction, which are reckoned 


four, viz. Coheſion, Electricity, Magnetiſm, and Gra- 


vitation. 1 ſhall only explain the attraction of cohe- 
ſion and the — of fag in this lecture, as 
the attraction of electricity w1 lained in lecture 
brh, and the attraction © i in lecture th. 
ne Attraction of 'Cohefion is diſcernible in the 


| ſmalieſt particles of matter; for thoſe particles 1 


9 and are attracted by each other. 
Tus ſphere of attraction, or extent of this p 
ter in ſome particles of matter than in others, * 
very ſmall at the utmoſt ; and is inſenſible in ſolid bo- 
"0 at the leaſt ſenſible = nce, acting as ir were only 
903 S 1 1 its 
4 Io'three pieces fact, in form of a ade are ſet end to 


end, the firſt. is as one, the ſecond is as four, and the third is as 
nine; for ſuppoſe a body one ſemidiameter of the earth's diſtance | 


from i its cen tr which upon its ſurface weighs 36t6- a! twice that 


diſtance it weigh on! 
ee and 2 
For 2 x 224 and Y= 965 


| Ps 0751 D by 9222 e 155 b de £1: UNS for the | 
4225 2 * 


laſs have a grenter attracting dee than the particles of 
water — By capillary tubes, lead balls, glaſs planes, &c. 
t Fare by water ning above the common level in capillary 


0 tubes, and mercury finking below it. By water adhering to com- 
mon ſubſtances, which mercury leaves dry, —ſor the particles of 
25 n have a greater attraQtion than the particles of water, &c. 


by 


AND MAGNETISM, 7 
by contact: conſequently, it muſt be nearly propor- 
onal to the quantity of contiguous — or the 
Pare SER moſt ſtrongly whoſe touching ſurfaces are 
argeſt. f „5 
Tas power decreaſes in force as the ſquare of the 
diſtance increaſes. wy i rt 13.044, 

_ Wuzxe the ſphere of attraction ends, a repelling 
power begins, by which the particles, inſtead of attract- 
ing, repel and fly off from each other.? By this power 
the ſmall portions of a fluid make a ſpherical figure. + 

Tre Rationale of ſeveral important particulars here- 
after mentioned will eaſily appear from the preceding 
principles or properties of matte... 

Haxrpness and FixiTY are owing to the ſame cauſe, 
and are oppoſed to fluidity. The hardneſs of bodies 
_ ariſes from ſuch figures of the particles of matter as 

pers them to touch by large ſurfaces, and thus to 
ave a greater power of attraction, and ſo fall and fit 
into one another that they prevent any motion among 
themſelves by any external preſſure: whereas in fluids 
tive power, hy which the particles of a fluid cohere, 
muſt be the leaſt poſſible, ariſing from their ſpherical 

SOON RTEOVGE os | 

_ ExasriciTy ariſes from the ſame principle of cor- 

2 attraction; fur if a ſteel ſpring, wire, & c. be 

dent out of its natural poſition, the particles on the 

convex ſide are forced from that intimate contact 
had before, and on the concave part are forced nearer 
together; in both caſes there is a great reſiſtance to be 
overcome, which requires a ſuperior force. During 
this ſtate the particles are under a ſort of tenhon on one 
ſide and compreſion on the other; and ſince by this 


» EvipanT between fat and water; alſo by the aſcent of team 
or vapour from humid and fluid bodies, and by the Folopile. 
t Prover by forcing quickſilver through leather that is divi- 

ded into ſmall portions, which always form themſelves into a 
ſpherical figure, | bs : LY | 

force 


— 


- 


8 PROPERTIES' OF MAFTER 
| force they ere not drawn out of each others attraction, 
As ſoon as the force is remitted, or ceaſts to act, the at- 
tracttve power reduces the particles, unbends the wire, 
F and reſtores it to its natural ſtate. 

= Sor venting is another effect of this coheſive power z 
1 for when the ſurfaces of two pieces of metal are made 
clean, and the ſolder fluxzed, its particles will freely en- 

| ter che pores, and by that means * firmly to each 
= other. CxmenT and Gros are of the {are kind, but 
1 differ in degree of coheſtve % oh 

| Fot.1aTING glaſs depends upon the ſatne rinciple 
4 - For when the foil and quick ſilver unite, and the glaſs 
38 put upon it; the glaſs attracts the foil, and they orm 


one body. 
| Mr or fuſion of fixed bodies depends upon 
EE: the fame theory for when the particles Led body 
| are by the action of 155 ſo far as to be almo 


[| deut of ech others attraction, they will then move eaſily 
IM by each other, and Put on the appearance of a fluid 


= * philoſophers are at à loſs to find the true cauſe 
IS of heat and cold, nor are there any NEO ea Jul 
and perfect account of them. The effects are theſe; heat 
has a retraction towards its own. body, but an attraction 
to others: it is generally ſuppoſed that it acts upon 
bodies by the friction of ſome fluid ſubſtance or mat- 
ter; for all things are expanded by heat and retracted 
by cold, as it is certam they act contrary to each other. 9 
Waren is longer of hearing and cooling than any 
(0) Dh 4il;-t 
ers chat is wiegieddhric bark will UGH 6s | 
form glue; conſequently the leather muſt be red with allum. 
$. IF  phial be partly filled with ſpirits of wane and immerſed 
in ons wa 13 the piri it il ually riſe till it reaches the top, 
but immediately put into cold water it will return to its natural 
Kate. Alb, if a pair of ſcales whoſe 19 7 are equal have one of 
them heated, it will be conſiderably lighter than the other 
_ © 0 which proves, that heat by expanding bodies does not make them * 
8 oh "0 x ponderous, neither does froſt A ald WAK accor ding 
W˙àꝰDẽ do bulk, for ice is lichter than water. 
WE _ | other 


AND MAGNETISM.” 9 


other ſubſtance or metal: why it is ſo cannot eaſily 
be accounted for. Þ- 

- Snow and ice contain a great quantity of heat. 

WATER does not boil at the vaporific point all at 
once, only part of it at a time; and ſo by s be- 
comes all in a vaporific ſtate; but if the ebullition 
ſhould ſuddenly take place, fo as to be diffuſed over 
te whole Mie it might be of the moſt dangerous con- 
| kequence, from its exploſion like gunpowder. 

ir a phial filled with water be dipped into 2veſizL of 
ether an evaporation will at firſt be "Simca, but by 
dipping it in two or three tirnes it will congeal, and 81 
formed into ice. 

Har is one of the greateſt phenomena e lt 
would be impoſſible fot us to live' without heat; for if 
it was always cold without any A of heat, the wa- 

ter would become one ſolid: maſs hke a ſtone, and the 
air become'congealed in a ſimilar manner: on the other 
hand, if there was no cold; but a continual ſummer, 
every ching would become putrid, the water would 
be in a vaporific ſtate, and br very offenſivez and the 
air become one ſolid maſs, and fall ponderous on the 
ground, We therefore conclude that both heat and 
cold are highly neceſſary for our ſupport and exiſtence. 

EvaroRaTion—Fire, heat, or rarefaction, by which 
"_— ** are en to Nos ſuperpcially | 


1 Take equal pr, of matey 8 — heat the 
Aer. pour it into the water, and it will cauſe a ſmall degree 
of heat in the water j but if you pour as much hot water upon the 
water it heats it more. From this we may obſerve, that the quick- 
ſilver, from its denſity, contains its heat more within itz the other 
being a more fluid ſubſtance diffuſes its heat to air or water. 

| Mix ſnow with ſome nitrous ſalt, the ſnow will be colder by 
33* below Faranheit's ſcale; but immerſe the thermometer in ſnow. 
and it will aſcend aecoraiag to the degree of heat to which it is, 


by 
boiling water, then expoſing it to the air, and adding ſome. 
—— ſalt to it, we obtain ice, | 
4 Cover the bottle with muſlin, put a cork into it, and tie a 
Py ty round it ; it may he hung in the air, and as the muſlin dries, | 
repeatedly dipt in the * 8 : 


PY = 
4 * 2 
6 K Va — 
. a 2 
_ F * hs * "x 
- 
. * 2 
" . 
A - F * 
: . \ 
- g " d 
. 1 * 
4 5 
© : * 
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10 PROPERTIES. OT MATTER 
kerne, air, are found to be the only cauſe of their 
Ailc 


ent into the atmoſphere. If heat be the only cauſe 
evaporation, water in a warm room would evaporate 
Rar than when in a cold place, where there is a con- 
ſtaut current of air . which is contrary 
The ion of water is ſo far from dependi 4 
its being rarefied by heat, that its catried on even w at 

water is condenſed by cold; * and as the ſuſpenſion of 
the particles of — in air, of ſalt in the waters of the 
ocean, &c. ſeems to be phænomena of the ſame kind, 
we may reaſonably — that they ariſe from the 
fame cauſe, and that what we call evaporation is nothing 


more than a gradual ſolution of water into air. 4 


Mu the particles are ſo far ſeparated by heat. as 


to be without each others attraction they then begin to 


beach other, and will riſe from che fluid in form 
a vapour, till they come to that part of the air which 
has the 3 gravity, they will then form clouds, &c. 
Vavouis thus raiſed become the original matter of 


muteors :-One degree of cold condenſing them they fall 


in drops of rain; a greater degree produces a coagu- 
teen roo like * various forms, and 
Va third greater degree of cold 
cold condenſes the air the vapours 

cannot nega" high, but will hover near the earth's ſurface 
n fd mais or fog: if the cold be more intenſe it 
freezes the miſt to every twig, and to every blade 


of graſs. If the air be warm in the day- time, the 


vapour will be too fine to be viſible, F being con- 
denſed by the. coolneſs of the cyening, it will deſcend 
and ſettle upon the graſs 3 in form of a dew : but i 


8 Rub the bulb of i Aba ee with Girl IF with. a 


_ feather, and che contents will fink as the ſpirit of Dor ate; eavarads 


which ſhews'that cold is uced by evaporation. - 
t A receiver filled with ſuch air as we breathe * put ow 


ttke plate of the air-puthp, "and the air — away; 1 e [quevus 


particles will deſcend in form of a miſt. 
+ Diſſol ve filver in aqua fortis, then pour in A tdotien of alt 
the fitver will be „ to the bottom in form of ſndw. 
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AND MAGNETISM: 11 


the evening be cold enough to freeze, chen. tend of 

a dew there will appear a white frof. 
Sypyon,—Ariſing from the ſame principle to ſmall 

heights only for the water being railed by the attrac- 


ting force of the ſhorter leg to the bended patt, gravi- 


tation takes place in che longer leg, which. Carries 
off the water. 

Tux Filter is the moſt ſupple: of all the chemical i in- 
ſtruments, being nothing more than a compound ſy- 
phon, which carries off the fluid drop by drop. 

VEGETATION is performed after the ſame manner; 
the humidity of the earth being drawn or abſorbed i into 


the plant or: tree by the Gbres of its roots.“ It is 


alſo reaſonable, to ſuppoſe, that the circulation of the 


blood and juices through che Jacteal, lymphatic, and ſan- 


guifercuß ve ſſels, is owing to this attractive Neuer. and 


pullve force of the heart. 


Sour oN. - By this power fixed bodies are diffol- 
ad by propes mediurns :'-thus-.if) the particles of the 


' fluid and the ſolid bave a greater attracting force than 


there is between the particles of the ſolids, themſelves, 


when the ſolid is immerſed in the fluid, thoſe parts 
which are in immediate contact with the fluid muſt 


neceſſarily loſe their own coheſion, and be. ſeparately 


attached to the particles of the fluid: and this will be the 
caſe till every particle of the megſtru m has attracted 
and united to itſelf ſo many particles as it can ſuſtain, 
then the fluid will be ſaturated therewith, and the ſolu- 
tion ceaſes ; but the fluid will appear as clear and tranſ- 
parent as before the ſolution began to take effect. 

Ir to a ſolution of a ſolid and a fluid another old 
be added, the fluid will diſſolve ſome of the latter ſolid, 
which is called eleftive attrachion. 


2 


. A oaks hermetically ſealed, and another open, to prove that 
it is the preſſore of the aic that ſupports the water in the tube. 
In Pnenmaties it will be demonſtrated, that the preſſure of the air 
can only ſupport the water to the height of 33 feet, but by the 
anion in capillaries it may be raiſes | 


to 100 feet or more. 
Prtct- 


#2 PRINCIPLES' OF MATTER 


©0 Pxdtipiod ron Is 4 conſequence of the ſame cauſe. 
For if to a ſolution of a ſolid and fluid, another ſolu- 
tion of 4 ſolid and fluid be added, the latter ſolid will 
rake place of the former ſolid, which will be precipi- 
tated: to the bottoni; If to this precipitate another 
body be added, the latter body will attract the preci 
tate with ſome violence, and diffolve 1 it, then the f 
tion Will appear as clear as before. tr 

. FERMENTATION is an effect of t eee 
tion; for an alkaline will efferveſce with an acid, or an 
aid Wich- an An and en ve "Brought" about 
by'ſuch mixtures. 

Hear; Evullition, and Paphößen of fubdry ue 
rures, are owing to the violent action and great xe raid 


of motion the conſtituent particles, for 
proceeds from an attrition of the particles one among 
another. _ | 1 10 vfioOr 2 | 


_ - "Havixe"thus illuſtrated: this vniverfal power * 
eraiok and repulſion,” 1 ſhall in the next place juſt 
give an inſtance of the nature and uſe of r power 
of attraction and repulſion, which is of as ſingular a 
kind, as WW! is formed to ae two ſorts of "matter, viz. 


* 7170 ſolution of ſalt n be dene Anrede 1 Ep- 
ſom -falt, the precipitace become: ge tbo of a 
as uſed for erg r a 4 
- - Tofufion of 7 all, —— revs tos 
-© 7.1 Solution of Vitriol, bien Alkaline n 
Oil of virriol, - > = tranſp, acid. 
Oil tartar <-> black, alkaline, 12 280 I'S 
But i it dara pot follow from this that an acid changes an alkaline, 
| an alkaline an acid, by efferveſcence ; but an acid will change 
the nature and colour of an acid, which i is r N the Fo” 
laid down by — Ty. 


Diſtilled verdigr alkaline i vi 
Spirit of vitriol, mou om acid. N 
Solution of allow, ditto, ae 
3 of lead, bite 
5 Oil of tartar, een, alkaline. A 


+, mf e e by e Ye et, rt ve tat- 
tar, and falt petre together; one 0 two le- 
£ and pe ba 


— 
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AND MAGNETISM Ar; 


parts of the ſtone or magnet, in a very fine impercepti- 
ble effluvium, and if pieces of iron be properly placed 


over thoſe two parts, the magnet will be as it were at- 
tracted, accumulated, and condenſed in the iron, and 
from thence will be emitted or communicated with 
much greater force and intenſity than from the ſtone 
een 207 to voy ve gu DAS thus 02 Hag C2 Ya. 
The markes of a good magnet are blackneſs, hardneſs, 
and keavineſs.-* It attracts and repels iron, but touches 
no other ſort of matter. Its virtues may be communi- 
cated .to iron by. the touch, which if formed into a 
needle, and ſuſpended upon a point, will ſettle itſelf 
nearly north and ſouth ; the end of the needle touched 
with the ſouthi pole will point ro the north, and vice 


verſa, | 
Tus angle which the magnetic needle makes with 
the meridian is called the variation of 2 About 
200 yrars ago the variation was 16? eaſtward; after that it 
was found to ſtand north and ſouth, at preſent it is about 
22 weſtward, ſoythat in 1900 years ut will have made 
one intire reyolution, but oe reyolution muſt be made 
before it can be known with certainty. Needles fo 
touched and ſuſpended will point 749, or :75? below 
.the horizon, which 1s called 3 needle con- 
ſequently the makers of needles make the ſouth end 
heavier than the north end, to be a counterbalance for 
de ARAGON „ „ e ic hls e te 
If a few ſteel filings be finely, ſifted over a ſheet of 
paper, and the magnet placed in the middle, it will be 
pleaſant. to obſerve how the filings are affeted by the 
virtue iſſuing from each pole of the magnet, in curved 
lines and directions between the poles: from which we 
_ that there is a kind of circulation of this virtue 
from one pole to another, Dr. H ſuppoſes that 
there is a large central magnet — "nag of the 
earth, which is moveable in the earth like the kernel of 
n nut in the ſhell, and by chat means cauſes all the va- 
"Txt Fd | riety 
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17 | Trzp needle: is attrafted: i \in-vacuo as in che open pr 


Artificial magnets in the horſe · ſnoe form ate made thus; 
lay two end to end, and run one pole of the magnet 


over them, then make them up into ge by 
e e ee poles together. ; 40 


. 
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1 lep zi (181 
IAR [OUS have tek che opiniqns of OY 
pers concerning the particles of air: De have 
imagined their forth ethiat of a watch ſpring coiled 
up; others the form of a ſpunge, which — Fu it 
ſelf when any forte id impreſſed upon it: and is dilated 
e that force is remòved: but their form has hi- 
therto remained undiſepvered, for a microſcope that 
— ſeveral tb uſand times does not ſenſibly m 
nifß chem. Though the particles are. ſo ne 
ſmall, yer they cannot make their way through metals, 
Sie er paper, which even wine and water will do. 
Tux air is generally conſidered as a fluid, yet differs 
 from'thotgeneral nature of fluids in three particulars; 
1 it is compreſſible; 2. it cannot be congealed ; 3: it 
z of à different denſity fees decreaſing from 
the:earch's ſurface upwards ect 2607 angel 
Par the vir! ws affdated with tlie earth cannot be 
doubred, and ever ſince there has been a eonſtant gene- 
ration of air, by thꝰ mutual action of bodies upon each 
other, as 1n:tho fermentations of naturul and artificial 
_ chemiſtry. THAT 


P N EUMATICS ' 15 


Tua the air is a heavy body muſt follow from the 
nature ot the matter of which it conſiſts, and ſince thofe 


icles ariſe from bodies of every kind in and upon 
the earth, it follows chen the air muſt be of an hetero- 


H 1855 4 always 
variable ſo will its weight: be likewiſe. — 114 em 0 4 
Site the parti — bei 
ſtrongly repelled from thoſe bodies, and this repellency. 
being mutual between the particles, they do hy this 
means conſtantly repel each other, and therefore they 
muſt obſerve an equal diſtance among themſelves, when 
therefore thoſe atrial particles are — by any im- 
preſſed force to approach nearer to each other, the re- 
pulſive power will reſiſt the ſaid. force with an equal 
momentum, and thus cauſe what we call the elaſticity 
or ſpring of the air. 10 55 
By reaſon of the { 


ſpring of the air its denſity will be 
different at different altitudes from the earth's ſurface ; 
for the lower parts being preſſed by the weight of the 
ſuperior parts, they will be made to accede nearer to 
each other : hence the denſity of the air is greateſt at 
the earth's ſurface, and decreaſes upwards in geometri- 
cal proportion to the altitudes taken in arithmetical 
ogreſſion. Dr. Cotes demonſtrated: that the air is 
Four times more rare at the height of ſeven-miles than 
at the carth's ſurface, 1 1 nn porn 


MILES;/!! RARITY. ||| | MILES, | RARITY 1 


A Leto + 1 21 Nt 2 ( 
2 ) C256! e ee 


Hence it is eafy to prove, that a cubic inch of ſuch air 
as we breathe would be ſo much raręfied at the height 
of 500 miles, that it would fillia ſphere equal to the 
orbit of Saturn . LIVQR e eat 
height. of * be — for we. 
hk "bits SET. uy 4640; 9 471, 7301 $133 v3 4: Ne hind 
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find by experiment, that a bottle which- holds a wine 
quart contains about 17 of air but a quart of 
water weighs 1462 5 grains, then 864 which 
ſnevwys that one cubic inch of water is equal to 864 of 
air: alſo a column of air the height of the | 
dis equal —— 384 inches high, therefore 
864 multip 384 is to 331776, via, 5 miles 
and 416 which nn 
— ————r — at 
the earth's ſurface. But ſince the denſity decreaſes 
with the preſſure, ĩt will be more expanded the higher 
we go; conſequently the altitude is indefinite, and ter- 
minates in pure ether: but though we cannot aſſign the 
real altitude of the air, it ĩs certain, from obſervation, 
that 46 or-50 miles is che utmoſt height where the den- 
ſity is ſuffiient to refract a ray of light, and that may 
de eſteemed the altitude of che air- w eee or 
9 ee of denſity. 8 $07 10 gn 10 
x ve the eee a rst — that it will 
ſuſtain acolumnof mercury from 28 to 3 i inches high in 
the barometer, take 294 for the mean altitude, and its 
weight for the mean weight of a column of air of the 
ſame baſe. A column of mercury whoſe baſe is one 
ſquareinch and 3 weighs about 15 Ib. which 
is the pteſſure of the air on every ſquare inch; and 12 
Eng i144 the inches in a ſquare foot, and 144 182 
© . 2460lh. the preſſure on a ſquare foot; fo chat p 
ſure on one ſquare foot is nearly one ton; and if we al- 
low 14 ſquare feet for the ſurface: of a middle ſized 
man, he muſt ſaſtain a preſſure of 14 tqns when the air 
is of a mean gravity, . This prodigiops forge would 
cruſh man — 5 an if it: was by . 


* mu A. two hes | 


25 — e 
it / 1.66, three atmoſſ to of witer and one 
7 E. A conſequently we ſee the necelfity of having the diving ma- 


Laden 


, | 


burning 


1 r — — Le — A. nn 


5 
t 
; 
/ 
, 
| 


PNEUMATICS ry 


burning under water in a receiver, &c. Alſo, the ſpring 
and weight of the air is proved by a number of experi- 
ments on the air pump.* T 

Ware riſes in pumps, ſyphons, &c, by the preſſure 
of the air, to the —_ of 32 feet; and thatthe ſpring 
is equal to the preffure is proved by various experi- 


Tun great action of animal life, viz. breathin 
the infptration and expiration of air, is — a 


ſpring and 3 conjointly. 


Tue air lies in a fixt ſtate, and is a conſtituent part 
of various bodies; it is alſo the pabulum of fire, and 
medium of ſound. T | 

Fixed Air.—Air in alkaline bodies may be ſet at 
liberty by an acid. (fee 4.1.) Fixed air is produced by 
mixing chalk and vitriolic acid together in a bottle, 
which may be placed in a bafon or reſervoir, then put 
the end of à crooked tube into the bottle where the 
chalk and aeid are efferveſcing over the edge of the re- 
fer voir, and the air ſer at liberty by the acid will rite 
through the tube and diſplace the water in the jar; 
when the water is all diſplaced by the air the jar may 
be placed upon its bottom, for the fixed air cannot 
make its eſcape from the jar, on account of its being 
heavier than common air, in ion as 137 tO 100. 
If a lighted candile be placed in this air it is immediately 
gn e and animals die in it in an inſtant, but 
may be recovered by ewf hence we ſee the rea- 
ſon of coat damps in mines, which extinguiſh candles 
and kill the workmen. This damp is generated by an 
acid and an alkaline in the bowels of the earth. 5 


D Intiam- 
2 By wei it in a balance placing the hand on an open- | 
28 bladders, &c. . 


3 dy taki alr out of beer, water, wood, fruit, eggs. Ec. 
Proved by a candle burning out ãn an exhauſted receiver ; and 
n of u bell being * — heard in * 1 
9 Propertirs of Hu air. Water impregnated with this air m | 
good Pyrmont water, which is an excellent medicine for the _ 


- 


W PNEUMA;TICS. 
-  INFLAMMABLE, or phlagificated, air is produced by 


iron filings, vitriolic acid, and water, put in a boitle, 
as before directed. The inflammable air will riſe out 
of the jar and mix with common air, then if a lighted 
candle be ꝓut to the mouth of the jar, the air takes fire 
and burns to the bottom of the jar. From hence we 
ſee the reaſon of fire damps in mines; for this air is 
generated. in the bowels of the earth from chalybeats, 
vitriolic acid, and water, ſo that when a work man puts 
a candle to it, it takes fire, and ſets the pit in a flame, 


Putreſcent bodies in church yards, flatus atui of animals, 


air in ſtagnant water, &c. are all inflammable.* 


- Tmas air is 11 times lighter than common air, or 


8800 times lighter rn 64x: 5... 
_ NitRovs air is produced by pouring ſpirits of nitre 
into a bottle of iron filings and following the directions 
for making fixed air, Nitrous air AT ab common 
air reduces it one-fourth or one: ſixth, and gives it a 
turbid, red appearance. . 


* 


Two meaſures of common air decompounds one 
meaſure. of nitrous air, but one meaſure of dephlogiſti. 
cated air decompounds two meaſures of nitrous air: in 
this operation the nitrous air is ſer at liberty, and may 
be abjorbed by water with agitation... 
 DeprLoG1STICATED or pure air is produced by mak- 
ing red lead (free from inflammable matter) into a paſte 

with ſpirit of nitre, then putting it into a bottle with 
vitriolic acid and water, and catching it as before di- 


rected. This air is about fix times purer than common 


and gravel, and for allaying the pain of old ulcers, on account of 
its Soretic and antiſceptic powers: it deſtroys animals; extin- 
guiſhes fire; combines with lime, alkalies, and water; turns the 
tender vegetable blues of a red colour; and renders cauſtic alka - 
lies and calcarious earths, mild. Fixed air conſtitutes one third 
part of the weight of calcarious earths. It is decompoſed by va- 
pours of iron filips and brimſtone, or by the electrie ſpark, 
Inflammabl air ſuffocates animals and extinguiſhes'fire ; but 
tables not dhly thrive in it but render it reſpirable to animals 


water pfodutes the ſame effect. It its earth, and is 
decompoſed by water, 2nd Us 6544 34 % $6 4d. © ws — 
33338 : | - 1 


e 


Mita E©( Ao Db roi —— * s Tz" 


| PNEUMATICS. .-. I 
air, and a lighted candle in it has an amazing and beau- 
tiful appearance. | | 

- Common air is a mixture of dephlogiſticated air, 
fixed air, phlogiſton, water, &c. Prieſtley ſuppoſes 
that common air ſuſtains animal life by the nitroùs acid 
it contains. It is adapted to reſpiration and the pro- 


pagation of fire. which it ſupports in the atmoſphere. 


tis ſoluble in water and ſome other fluids, but is ge- 
nerally depraved by that means, and is injured by being 
expoſed to freſh melted nitte, &c. Reſpiration, com- 
buſtion, agitation in water, a mixture of nitrous air, 
&c. ſeem in a certain degree to produce ſimilar effects 
upon common air. Theſe operations phlogiſticate, and 
contract it, ſo do the calcination of metals and the elec- 
trie ſpark, If common air be highly loaded with 
phlogiſton, agitation in water will purity it to a cerrain 
degree but if vegetables grew in it they abſorb the 
ph ogiſton ſo far as to leave the air pure enough to 
Treathe. - Hence we ſee the reaſon Why elumps of trees 
refine the vitiated air in low and marſhy grounds; alſo, 
why in low and cloſe rooms, where it has not a free cir- 
culation, it is generally vitiated, and conſequently very 
unfit for reſpiration: of which the diſeaſes incident to 
the ſedentary and ſtudious part of mank ind are a me- 
lancholy proof: conſumptions and aſthmatic complaints 
being frequently the conſequence of cloſe confinement ' 
im ſuch like places.“ ano: t Hag TBS: 
I By mixing dephlogiſticated air with air unkit to breathe, they 
become reſpirable. | 


*. The, pureveſs of common air may be meaſured by mixing 
ual parts of nitrous and common air, and according to the con- 


traction of theſe two airs when mixed, fo will rout air be better 


or worſe : for inſtance, if nitrous and fixed air be mixed in equal 
parts they will not unite at all, butwill occupy the ſame ſpace 
as they did before mixing; but if you mix nitrous and common 
air, in equal parts, this mixture will contract from about 48 to 33 
or 35, and the more it contracts the better it is; but if you mix 
nitroys air, and dephlogiſticated or pure air, they will. contract to 
+ as ſhewn by the Eaxdometer. In order to aſcertain the purity 
of the air at any particular place, fill a bottle with water, then 


carry it to the appointed place and pour out the water, you will 
then be ſure that you have common air of the place. 
D 2 Lefure 
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2225 LECTURE: 1. 
1 | HypnosraTICs and Hypraviics: 


'VPROSTATICS is that part of natural ne 
y which treats of the nature, gravity, Er 
— and motion of fluids, and of weighing” ſolids in 

them. e 
A und is 4 ; body-thar vel to the leaſt parti 
#5;hF.1) ; its par- 


ire, or force impreſſed ( 
are ſo ſmall de canner been by the 


beſt microſcopes z they are hard, round, and 
pondeious, and oh all the laws of motion and mu- 
dual action in common with other matter“ 


Fus are diſtinguiſhed into two ſorts; viz. poet 
and mperſogr: quickfilvey ia of the perfect kind, as its 


icles')ide | oy common ſubſtances. without mixing 
ich them (/ze nge 67 het. 1); water is of the imper- 
fest kind, for its particles mixing with the particles of 
any ſubſtance it meets with, it impregnated 
with' whatever ſtrata it runs over henee the reaſon of 

„ waters. T 
I fluids are incompreſſible, exce TY that 4s; 
annot be c earns into a leſs fpace than they 


ee ſſeſs : conſequently water will not be 
more denle at the boden tan at the top of the ſea. 


That the particles of fluids ate round is evident by quickblver 
forced through leather; and by putting ſalt in water without en- 
creaſing its bulk. That the particles are hard, js proved dy che 
water rammer. 

+ The ſyrup of violets turns alkaline wa and acid water 

A ſolution of iron mine and water 5 torned Joo black 

Ti lation of gals A ſolution of allum in water is made le thick 
8 he Flo of bl lobe with 
t Piove the Florentine experiment ng a 

her; which, 7 bek preſſed «A a great ls e — melde "Os 

© iffue l the + pore of the, metal. A1 
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HYPROSTATICS 2 
Ar fluids: gravitate, or weigh in proportion to their __ 


quantity of matter, not only in the ait, ar in vacuo, 


but in their own 8. 

As water F the 
top, its l W is to the preſſure down. 
wards, at en depth. 4. Now as the particles of a 
fluid at the 2 preſs each other every way, and 
in all e e is follows, that the ſurface of 
a fluid ut be vette ſmooth and even; for ſhould: 
any part ſtand higher than the reft by any force, as at- 
traction, &c. it would ſubſide to a level uith the other 
part by the force of its own gravity, when. that force 


vas removed: conſequently the figure of the ſurface of 


fluids is convex, ＋ all the particles equally gravitating 
towards the centre of the earch, will Il rake Places 
from it at equal diſtances on the ſurface, and ſo form 
part of « {phate een eee, 2 
Siwex fluids preis equally: every way, the proſure of 
BLEED againſt the ſide of a veſſel will 

to its altitude ; and the preſſure of all the par- 

ticles I, 2, 3, &c, of a; iculat column againſt 
the ſide will be à ſeries numbers in arichmezical pro- 
greſſion, whofe firſt term is o therefore, the remain- 
der of all the preſſures is equal to the number of prel- 


| fures multiplied: by half the greateſt preſſure; via. the 


total preſſure againſt the ſides of a veſſel is as the ſquare 
of the airude of the fluid; Nee, if the veſſel be of 


4 


$ Proved by n r battle in air and in water; 
likewiſe weighing it in d water when full of water: for the 
water weighs as much in water as in the air, which all Phatoſo- 
hers till very lately have denied. - 
4 42 — by tying « bladder aceid erer theend of glaß rube, 
uring water into it, which by its weight will bulge the 
—— for while the d rd preffure i: 
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a cubitcal' form, the b refſure againſt each ſide is half 


that againſt the — and conſequently the total preſ. 


ſure upon the ſides and bottom is equal to three times 
the weight of the fluid on the bottom of ſuch a veſſel. 
The weight, 'preflure, or effect of a fluid upon the 
bottom of any veſſel, is proportional to the altitude only, 
and not to the quantity of the fluid. T | 

WIIXV any body is immerſed in a fluid, it loſes * | 
mul of its weight us is equal to the weight 
equal Laut of-che fluid en the weight 16ſt by che 
: ined by che fluid, Which wil der ſo' much 

erde an befort. 0 25 

Ir à body could be found Aout e it n 
if placed on the ſurface of à fluid; float thereon with- 
out any part being immerſed cherein; for being devoid 


of gravity, it could have no force to lace 5 , 
_ ticles of the fluid, andfink therein, 12 Is & | 


Ir bod lighter than an val bulk of the 
fluid bs Fra on 10 urface, it ale or deſcend 
therein till it has removed or diſplaced {> much of the 
fluid whoſe weight is equul to that of the Body ; for the 
preſſure upwards and downwards on the under ſurface 
of the body is equal: hence the whole ſolid is to the 
immerſed part as the ſpceifſe grayity of the fluid to that 
of the ſolid; If ſolid equal in weight to an equal 
_ of the fue be immerſed nchen bo will take any 


At 


3 Hence a very ſmall quantity of a Avid 1 be 3 to coun- 
terballance any quantity of a fluid, how great ſoeverp which is 
called the 4ydroffatic paradox. For if a cylinder of three inches 
diameter and ſi ue inches high, with a looſe bottom, and its to 
made faſt, with a glaſs f. put through: the top, be filled with 
water and hooked to 'a ſcale” beam, it vil about 115 
2c; · be put in the other ſcale, the water will riſe in the tube, by 

the preſſure of the bottom, to ſuch a height that ãt will counters 
h the weight at the other end. If 3B. it balances 35. &c: 

2 This is the fundamental — every hydroſtatie pro- 

particularly of the — of ſpecific gravity.— 

Pond | by a add cylinder and'buck#t. The ſolid immerſed in 
water loſes as much weight a hen in water as an equal quentity of 
water weighs; vr as mrabuchre fol bf water weighs: 


"$08 | ſituation 
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ſituation in the fluid, without any tendency. to aſcend 
or deſcend therein. If a body heavier than an equal 
bulk of the fluid be immerſed therein, it will deſcend 
by the excels of its gravity above that of the fluid; for 
it will be reſiſted by the force of an equal bulk of the 
fluid, which will deſtroy juſt ſo much of the gravity of 


the ſolid, and the exceſs of gravity will make it deſcend. 


Fun what has been premiſed it will be eaſy to un- 
derſtand, that the lighteſt body may be made to ſink in 
the heavieſt fluid: on the other hand, the heavieſt bo- 
dies may be made to ſwim in the lighteſt fluids.“ Hence 
the reaſon, of trying the different gravity, denſity, or 
ſtrength of ſpirituous liquors, by the hydrometer, or 
water- poiſe; for the ſtronger any fluid is, the greater 
will be its reſiſtance to 17 olid immerſed, conſequently 
the hydrometer cannot ſink fo. far in a heavy as in a 
lighter fluid, and as ſpirits are lighter than water, the 
hydrometer will ſink deeper in ſpirituous liquors than 
in water, as is eaſily ſhewn by the graduated neck of 


. ©. 4h 728 1 fav. 

Tut hydroſtatic balance is an inſtrument invented on 
the ſame principles ; by it we have a moſt uſeful and 
ready method of finding the various comparative or 
ſpecific gravity of fluids and ſolid bodies to the greateſt 
accuracy. Tf | Tas 


„Cork may be ſunk in quickſilver, or water, by keeping che 


upward preſſure off; and gold may be made to ſwim in water by 
putting it in the end of a tube, to keep the downward preſſure off; 
and when immerſed 19 times its thickneſs under water, the u 
ward preſſure will ſuſpend the guinea at the end of the tube. For 
gold is 19 times heavier than water. See the table of /pecific gravity, 
+ The application of Hydroſtatics to the ſeveral uſes of life, 
will be evident from the following examples : | 
A A guinea weighs in air 129 grains, forceps 22 
Ditto loſes in water, 9 grains. i | 
Rule, Divide the weight in air by what the guinea loſes in water, 
and the quotient is the ſpecific gravity. . 22322 17 nearly. 
A thilling weighs in air 82 grains, forceps 2. 
L Loſes ia water, — 10 in: 
Then sie nearly, &c. 


* 
1544 


Having 
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Tu ſpevific vity of fluidsis cafily determined 
weighing ons 1 ſame folid body in them ſevera 55 
for af 'we ſuppeſe the balance in equilibrium with r 
body-ſaſpended in the air, the equilibrium will be de- 
Kroyed when the folid is immerſed in the fluid, and 
mut chen de reſtored by weights put into that ſcale to 
which the body is appended. Theſe ts will fe- 
verally exprels the gravity of an equal bulk of che re- 
belive fiuids ; canſequently they may be compared 
with each-other, and with the gravity of common wa- 
ver, which is uſually called 1,000 in the tables, &c. 
I the fame manner, if divers ſolids are firſt weighed 
in ait, and afterwards immerſed in the fame fluid, the 
equilidrium will be: reſtored by putti in 23 much 
weight as is equal to tire weight of the fame bulk of 
wacr; The gravity of every ſolid is thus compared 
with water wad with each other, as in the following 


"A Bid body Lotver than water muſt be connefted | 

with 282 heavier than water.“ i| 

Tux ſpecific gravity of fluids may be thus aſcertain- 
vd: take a tube with quickſilver in 4 and put another 


mnube inte it, then port water upon the quickſilver in 


che rube, and the preffure of the water upon the quick- 
filver will force it wi in he "_ in Fe to the 
denſity. | TABLE 


Having ty heck gravity or ya ee 1 to 10, and of | 
2 . „&c. co find the gold and | 
flyer employed in *. 1 lerve the following Rule: | 
As the Uierence of the [pecific N of © compound « and the 

| Iighter body is to the difference of gravities of the 
heavier body and compound, fo is 1227 to the ſilver. 


uli. Subtract che weight in water of the compound by what it 
| 2 4 and what the heavy body e 


ſpeciic gray 
ble 2. of common water 7 exactly 1000 qunces 


dapors, pounds and u half: dhe ds withe 
mold 3 „ 17 ;, and the — yp troy | 


. "To inde 
the preſs pint un Once or bank that pens the 
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TABLE o SPECIFIC GRAVITIES, &c. 


Kine gold. + - 19,04 
Guines ditto, - - 17,15 
- 14,00 
N 


| 


| Conumon water, - 0p 
Oil of witch, + - 1,70 
en 14068 


ir, NM 555 
Cork, n 4 
| Linfeed at, 1 598 
Dil of turpentine, 179 
Spirits of, wine, 373 
Spirits of vitrial, 1,20 
| 1731 
1,03 
1,93 
- 1,30 
1,71 
- 15,45 

— 1,109 


rte Py 


ary vo! of!-- 


water of a reſervoir. Rule, Multiply the area of the fluice under 
water by the depth of the centre of gravity in feet, and that pro- 
duct again by 644; the product will he the number of pounds re- 


« | Example, If the length of a Quice be 20 feet and th 


de th 5 feet, then 20 * 5 ic, area; and ioo X21=250X627 


215625 ſh, equal to 7 tons nearly; ſince the weight of bodies is 

always as the ſpecific gravity in equal bulks : therefore, if the 

magnitude of any body be multiplied by the er gravity, the 
e 


product will he its abſolute weight. Suppo 


I want to kno 
$4 


what weight of lead will cover à building whoſe area is 4050, 
thickneſs of lead +3, of a foot ; then 4050 X54353=40,5 X 11,325 


. eee n ** 
| 0 5580 the magnitude of apy thing, when the weight is known. 
. 1 


ide the weight by the ſpecific gravity in the table; the 


aotient is the m 


nitude ſought. 


Example. What is the may- 


itude of piece of braſs whoſe weight is 10 ounces. Then 2388 
=,00125 of a cubic foot, and, oo 25 x 1728 =24725 cubic inches. 
Alſe, by -kaowing the magnitude and weight we can find the 
ſpecific gravity. Na. Divide the weight by the magnitude in 
cubic feat. Thus ſuppoſe a piece of marble 4 cubic feet, which 


weighs.603, or 10800 ounces ; then *?42*=2700, the ſpecific | 
- gravity required, —as per * = 
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By Hydraulics we are to underſtand the ſcience of the 
motion of fluids, and the conſtruction of all kinds of 
machines relating thereto; alſo the natureof ſprings, &c. 
Tut moſt natural motion of fluids is that 5 
from the force of their own gravity; by which thoſe 

3 parts which ſtand higheſt er upon others below them, 
118 till by that means they riſe to the ſame horizontal level. 
10 Hence we have conduits often ſupplied with water from 


li! „ ſprings which lie above them; and cocks to ſupply the a 
i" inhabitants of a town with water, by pipes proceeding jo 
from a reſervoir above the higheſt part of the town. „ 

Hence alſo the deſcent of water in rivers, &c. from 


ſprings and ſources above the common ſurface of the 
earth; and the breaking out of ſprings at the bottoms 
and on the ſides of hills, from ciſterns and reſervoirs in 
the internal part above them, which receive their wa- 
ters from rain, dew, &c. diſtilling through the pores or 
crevices, and chaſms of the upper part of the earth. 
By the preſſure of the fluid it may eaſily be conveyed 
over vallies and hills, by bended 7 or ſyphons, from 
ponds or reſervoirs in a higher ſituation ; which the 
ancients being ignorant of, were at vaſt pains and ex- 
pence very often to effect. Hence the running of water 
through the bended ſyphon accounts for the odd phæ- 
nomenon of intermitting and reciprocating ſprings; and 
alſo in that inſtrument called Tantalus's cup : the riſe 
of water in wells is alſo owing to the weight of that 
in the ſubterranean ciſterns, from whence they are ſup- 
4 plied by proper canals or ſprings. * _ | 
| . From the preſſure of the ſuperior fluid we have the 
invention of a natural fountain, which playing from the 
ſmall orifice of an adjutage at the bottom, will ſpout 
very beautifully nearly to the height of the water from 


a K 2 


2 % 
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* A ſyphon will raiſe water to the height of 29 feet only, by 
the preſſure of the air; but if an air pump be placed upon the 
bended part, it will raiſe water to the ſame height as in the com- 
mon water pump. Tantalus's cup has a concealed ſyphon in the 


the 


body of the figure, 


* — — 
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the fountain, but cannot reach that altitude, by reaſon 
of the air's reſiſtance, 

 FroM this preſſure of fluids we can eſtimate the va- 
rious momenta or forces of ſeveral jets ſpouting through 
the ſides or bottoms of veſſcls, at different depths be- 
low the ſurface; for the momenta of fluids, as well as 
ſolid bodies, is compounded of the quantity of matter 
and the velocity; but in ſpouting fluids the quantity of 
the fluid iſſuing through the ſame hole in the ſame time, 
is always as the celerity of its motion: whence the 
momenta of ſpouting fluids are always proportional to 
the ſquares of the velocities, or quantities of matter iſ- 
ſuing out in a given time.“ 

IA effect of the common pump is from the ſame 

principle as the ſyphon; for the bucket, or ſucker, 


raiſes a column of water above it in the barrel, and 


makes a vacant ſpace, or greatly rarefies the air in the 
barrel and pipe below it ; whence the water will riſe in 
on the water in the well. | 

Tux moſt conſiderable of all water engines is that 
called the fire engine. The motion of the water in this 
engine js effected by the preſſure of the air, by the force 
of piſtons; and by the ſpring of condenſed air. | 


Þ the pipe and barrel by the preſſure of the amoſphere 


19 pipe fixed four times as deep io notice of the ſame dia- 


meter, will diſcharge twice as mach in the ſame time; if nine 
times as deep it will diſcharge three times as much; if ſixteen 
times as deep, four times as much, &c. Pipes alſo diſcharge 
agreeably to the ſquares of their diameter ;- viz. a pipe twice the 
diameter of another will diſcharge four times as much; three times 
the diameter, nine times as much, &c. | | 
+ Suppoſe the diameter of a pipe to be two inches, barrel three 
inches,—circles are in proportion to one another as the ſquares of 
their diameter, 2x 2=4, and 3x3=9; viz. the pipe and the 
barrel are as 4 to 9g: now as it it is admitted that the preſſure of 
the air raiſes the water, the wate) cannot riſe in the pipe, as there 
is above double the weight of air on the barre! that there is on the 
Pipe 3 ſo a valve is placed in the barrel or pipe, to ſtop the water 


* 


rom falling down: now as there are 5 ſquare inches more in the 


barrel than the pipe, there will be a preſſure of 75 fs. more on the 


barre] than the pipe, and that great weight muſt be overcome, be- 


ſides the friction of the piſton, before water will riſe. 


\ E 2 Tus 
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Tax laſt cauſe or motion of fluids is chat of attrae-· | 
tion, — mentioned by 2 firſt; or by | 
MOKY not riſe tive eu, 
* n than air. 


rb at #; 
0 n 2 


AE. nature of 28 « and the: various 
of viſible objects by rays of light, re 


delightful ſcien ed Optics. 
** Lis 00 1 dane mall particles of 
matter of different magnitudes, How! 5 from a 32 


N of lebt has no lenlidle Force, i which, on ac 
couht of Its prodigious velocity would be very great, if 
it were of any couliderable magnittde. 
Tus velocity of che rays of Tight ſurpaſes that of ll 


A candle will fill a. We 2 four miles in dhmeter Taflants- 
neoufly; and as it 1s evi by placing a ro of candles before 
& paſſl dard with a hole it 10 that ligut goes in all directions, a 

a nothber mult enter the pupil of the eye, and fo W 
of the candle on the retinas. A candſe may be If ghted and 

236 vithed without 16fidg any Teafible weight, Are" & *he Tab 
155 4 11 idee of four miles in Maméter with em 


other 


mirrors and 3 rough lenſes, — nan the | 


| in right lines, in all dire Tiohg, wi 
7 e 3 
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other bodies we know of. By obſervations of the 
in of Jupiter's fatellires, it is found that light is 
8 minutes in coming from the fun to the earth, 
— the rate of 2000 miles in one ſecond of titne, 
h 800000 times greater than the engen 
ound 

Wurst the rays of light continue in any medium 

of uniform denſity they move in right lines; but meet. 
with a denſer medium, as ait, (a moving with 
ſuch a great velocity are refratted towards the: 
con? they are bent out of their right courſe. Water 
| _ denſer thun air refracts the rays * b ola n 


ee. 
* Toi ms of light are diſtinguiſhed i imo cher ſorm 
Vs. Jer arailel, conve as and div ing. Parallel rays 
ch as always parry iſtamce with 


| W ene, 1 ap rays in their navurul (ture, 

Converging rays —— us in — coutſe approgeh 

nearer and nearèr às the rays vf the ſun collected by 

#'convex lens, c. Diverging rays are cho which 

"+ wa and in cr INTER 
0 Ane £777 100381 EAT IHET 


19 297th: 


+ To pro owe ths fiber of the ra of t experimen | 

4: Face «Pilling in a baſon, and- — Þ f. a by. — 
ing; then pour in water aud the N . 'appe "4 

2 Take's board ahh” ree Sraſs Wails fb ir, not in nk ie F 


but in un angle, put in water atd the nails will appear Fight 


127 5 in ede 263 to 4 when out of air into . the 
by re feos „ n to 2.— 


Tra tumbler be baff Alted Wick water, wth Rot, at 
Wesen a pllte, there' wilbappeur a piete 18 4% Half 
crown at the bottom, and another piece as large as a ſhilling float- 
as upon th farce owing do the go bring retracted and 
magniſie | 

t. The form and propertles of theſe. rays, of the different forts 

of laſſes, and other parts of this ſecture, are further illuſtrated 
and explained at the time of delivery by Tonſparentipontiggs and 
diagrams, As theſe paintings or drawings are the only means hy 
which moſt parts of optics can be demon ſtrated, it is thoaght ne- 
ceſſary to give this information to the reader, to avoid the too 


Ki er repetition of the ſame note, and as a general apology for 
omiſſion, 
THE 


/ 


re. 


Tur point where the rays are collected is wes the 


facas, or burning 2 becauſe the ſun's rays bug 
there united in, a mall compaſs, are greatly condenſ 


by which means their action or heat is proportionably 


increaſed; therefore, objects placed in that en 


will be greatly heated, burnt, or melted. 

- GLasses are of two kinds, via. mirrors and 1. 
A mirror; or ſpeculum, is that which from one poliſhed 
ſurface reflects the rays; of light; and theſe are convex, 


wo E A lens is any de arent body, 


c. through which the rays 
8 is of a proper form to co 
2 theſe there are a al. lens, plano comvex, double. con- 


vex, 83 ee n pb 


glafs,i and 
750 Tr yr hang aroperties 404 effects of theſe glaſſes, 


in reflecting and refracting the rays of light, entirely 


t will — 
ay. 


depends om that fundamental law, That the angle of ins 
| cidenct is egual to the angle of reflection. wha By 


2 Miz kOR.Diverging rays he tow 
behind the glaſs, but nearer the glaſs; than the center, 
Parallel rays—the focus is behind the 2 but nearer 
the center mou before. Converging rays—the focus 
is before the glaſs. 5 
Ix ag ben be Mel before a conyex mirror the 
image is efc&, diminiſhed, and appears crooked,  . 
* Concavs Mirror. —Diverging rays—the focus is 
before the ſs at two-thirds from the furface towards 


the center. Parallel rays—the focus is before the glaſs, 


at t half the diftance of the center, Converging rays 


= The anglecf bekdency belag equal tothe angle of reflection, 


it is proved, that if an incident ray fall upon a refleQing body, 


the refleaed angle will be equal to the in dent one; or make the 


_— angle with the perpendicular. 
16 fu the focus, —Multiply the diftdnce and radius to- 
— divide that product by the ſum of the radius added to 


twice the diſtance, and the quorient will be the N of che fo- 


Burt 1 


iſperſe them; 


ms wy A & „ 


. . 8 
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the focus is before the glaſs,” but nearer than before. 
Ir an object be placed before the mirror, but nearer 
than the center, the image is behind the glaſs, 
magnified, and appears crooked. If an object be pla- 
ced before the mirror, at a conſiderable diſtance from 


the center, the image will 3 before the glaſs, in- 


verted, diminiſhed, and crooked. But if the object be 
placed in' the center of the ſphere of which the mirror 
is a portion, the object and image meet. | 

Pain Mixrors.—Diverging rays—the focus is be- 
hind the glaſs, at the;fame diſtance the radiant is before 
it. Parallel rays gd on parallel, and are reflected pa- 
rallel. Converging rays—the focus is before the glaſs. 

Wurm an object is placed before a plain mirror, the 
image appears as far behind the glaſs as the object is 


I Fall to find the focur.—Multiply the diſtance and radius to- 
ether, divide that product by the difference between the diſtance 
doubled and the radius; the quotient is the diftance of the focus 


"ow by a due conſideration of the properties of converging 
and diverging rays, it is plain they are converfive ; for the incident 
rays, radiant and focus in one, being but the reflected rays, focus, 
and radiant in the other ; and as the ſun's rays are parallel among 
themſelves, they will all be reflected to that point, and there burn 
in proportion to the quantity of rays collected by the mirror. 
Hence appears the reaton why concaves make ſuch excellent burn- 
ing glaſſes Eaxmp/e. Suppoſe the diameter of a mirror is 7 inches, 
ſolar ſpot , 2 of an inch; then 7 X 7 249—,04=1225 the rays are 

condeaſed more than the ſun's; and as the heat of a culinary fre 
is computed to be 35 times greater than the heat of the ſun, 


then 34 35 times greater tham the heat of a common fire ; no 


wonder then of its burning intenſely. 

The rule for finding the focus is the ſame as for the convex mir. 
ror, with this difference only, that there the focus was behind the 
mirror, and here it 1s before it. a Hod bu 0 

A remarkable optical deception takes place with a concave mir- 
ror, and two bottles half filled with water, one of them coloured. 
The coloured water appears in its proper place, while the common 
water appears inverted : if the common water be let ſlowly out, 
the bottle will appear as if filling with water; and when the laſt 
drop is * out the bottle appears full, and then the deluſion 
ceaſes. I preſume the deception is owing to our not ſeeing wa- 
ter ſuſpended in a bottle. od? 
| #1 before 


„„ ran 


| legs te ang ered; :henge appears the reaſan why a 
perſon may fee his whole image with a gat but batf ; 
8 — broad. as himſelf. ; 
| Raja wes formerly ale «lens hun as pre 
1 ſt them; it 1s ground in a triangu- 
xm, ke angle being 6a? it refracts the rays of 
ht into different degrees: the leſs refrafted rays which 
1 neareſt the perpendicular are — the next orange, 
then yellow, green, blue, indigo, and violet, which are 
the ſeyen oe ap colours of light. + 
GO. glaſs globe filled with water becomes 2 
lens, 3 burning glaſs, Ac. 1 Diverging rays—the fo- 
cus goes beyond the center. Parallel rays—the focus 
por 7 4 center 1 e is nearer 
e centre. miſphere forms us images - 
W the diſtance of 2 globe. 


| 4 If a bole domes eue Suner to Sato ray light, 
al the priſm held in the ray, the colours will be beautifully paint- 
ed on — wall, and correſpond to the ſeven notes of mokic ; VIZ. 
they occupy according 'tp 'the undermentioned 122 red 


45?» orange * ow 485, green '6o®, blue 60%, indigo 405: 


_— * 

r e — be held in the ſun's rays it will burn very in- 
| 3 Likewiſe, if held in the ſun's beams in a dark room it 
will paint the ima of the external and internal rainbows, by the 
ray being diferently refraged and reflected; for the outer bow i is 
| nf. by two fe fractions and two 2 its breadth is 

from 50? 57/20 54? 7% UE, its breadth is 30 100. 
The inner bow is cauſed by one refradiion and one refletion, a 
ts diſtance from the outer bow — 80 55 / its breadth is from 
48? % to 42? 2/ vi its bread: is 18 t: conſequently the 
rainbow is formed by drops of rain refratting and reffecting the | 
rays of light, which come to the eye of the ſpectator, who has his 
back turned towards the fun, 1 views che edge rr upon | 
a 3 nen! him. , | 


9A Ieinaber of no hoſtile se a bow dae with va- 
5 riegated: colours on the diſburdened cloud, How vaſt its extent! 
' * how delicate che venture of that ſhadowy arch! Elegant its 
© form; and rich its tin ture; but more deli ghtful its ſacred fi 4 
b ficancy:: while the violet and the roſe bit in its beautiful 
the olive-branch ſmiles in its gracious import. It — 
6 in z radiant dies, what the angels ſung in in harmonious rains, 


5 * peace | 
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_  A-povate convex LENS is formed from two ſeg- 
ments of a globe; conſequently its focus will be formed 
according to its convexity. Diverging rays—the focus 
is affirmative, at nearly double the diſtance from the 
center of the ſphere of which it is a portion. Parallel 
rays—the focus is at the center of the ſphere. 5 Con- 
verging rays—the focus is between the center and ſur- 
20a 135 + ; & ” 

Ix an object be placed at the center of a convex 
lens, the image, after refraction, is inverted and mag- 
nified; which is the foundation of the magic lantern 
and ſolar microſcope : for the rays go on diverging, and 
will form an image at any diſtance. ; 

I an object be placed at the double radius or cir- 
cumference of the ſphere of which it is a portion, the 
image will appear at the ſame diſtance inverted. Hence 
we ſee the reaſon of convex lenſes being of ſuch uſe to 
painters, to draw a copy as large as life, or in any 
aſſigned proportion. 
 AxotHts wonderful property of a lens is its nega- 
tive focus, which I met with accidentally in making 
experiments with le nſes, and which I find has not been 
taken notice of by any writer on optics, or at leaſt not 
demonſtrated by them. To account for negative fo-_ 

| cules 


© Seace on earth, and good will towards men. It is the ſtamp of in- 

* ſurance for the continual welfare of this preſent world, and a 
comfortable token of a better ſtate and happier kingdom; a 
kingdom where a rainbow is repreſented as ſurrounding the 
© throne, to intimate, that Rorms ſhall beat no more, but an eter- 


n nal ſpring of joy and felicity bloom for ever. 


Hence a convex lens becomes a burning glaſs; for the den- 
ſity of the ſolar rays are as the area of the gla(s directly, and ſquare 
of the facal diſtance inverſely. Thus ſuppoſe two lenſes 3 inches 
diameter. each, the focus of ane 12 — and the other 24; 
then z: 552.334: 45 ſo chat the ſhorter focus'd glaſs conden- 
ſes. the ſolar ipot four times more than the longer. | 
Having got a parcel of lenſes framed, I found the joiner had miſ- 
placed themz ſo to find the proper focus I held them againſt the 
wall, the window being radiant, I took up the plano-convex — 
* 1 a 8 ſte 
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cuſes we muſt ſuppoſe the lens to be half pore and 
half particle; now the rays of light falling upon ſuch 


; = a glaſs, 


ſtead of the plano-concave, and by applying the ſheet of paper to 
receive the negative focus, I obſeryed a futus on the paper, but 
conſiderably different from what I thought it ſhould have been. 
This excited my curioſity; 1 tried the experiment again, and 
found a focus upon the wall at a proper diſtance ; and a negative, 
or ſecondary focus at 4 the diſtance of the other, upon the ſheet. 
Here I was at a ſtand, for I found myſelf unable to account for 
ſuch an odd phznomenon ;- I therefore applied to all the authors 
on Optics by me, ſuch as Newton, Martin, Smith, Emerſon, 
Prieſtley, and ſeveral others, but found nothing ſatis factory. I 
then applied to my lenſes again for further information, and the 
undermentioned is the reſult of my experiments: | 


Double convex, proper focus 12 inches, ſecondary 3 inches. 0 
— — — 4 — — — T 
— — — 36 — ñEä — — 9 — 1 
— 2 — 13 — 
Plano- convex, proper focus, 24 in. convex fide, 12 in. 
; 24 — —e— l 
When the convex was towards the radiant of the plano-convex | 
lens, its negative was 12 inchesz but when the plain fide was to- c 
wards the radiant, only three inches. firs 1 
I communicated theſe experiments to ſome of my acquaintances, 
one of whom referred me to Martin's New El:-ments of Optics, who 
ſays (page 80) that a ſecondary focus is formed by ſeveral inter- 
| nal reflections and refractions: and in the notes he ſays that 
1 he has magnified objects much more this way than in the common "MF -. 
| Way, with a glaſs oſ 12 or 18 inch focus, whoſe ſecondary focus 


was 2 or 2 inches, and ſo ſays no more: what he means by this 
ſecondary focus is the ſame, I ſuppoſe, as obſerved by me, but not MF | 
the ſame fecal diſtance. | Wy | 

I then examined what reflection and refratioh would produce, 
by filvering-lenſes of ſeveral focal diſtances; and found that when 
a double convex lens was ſilvered on one fide, the rays reflected 
from the firſt ſurface were made to diverge, and thoſe tranſmitted 
through the firſt ſurface were reflefted by the ſecond ſurface, and 
made to converge to a focus at the diſtance of one-fourth of the 
radius of which it is a portion. I filvered the plano-convex on 
the plain ſide, whoſe focus was 24 inches, and found that its ne- 
gative focus was at 12 inches: now as it has been demonſtrated 
that if rays fall upon a convex ſurface, are made to $0 converging 
to the plain filvered ſurface, they are reflected back to a focus at 
the centre of the ſphere of which it is a portion. I filvered the 
faid lens on the convex fide, ny found that its negative focus was 
| | 2 at 
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a glaſs, will be but half of them tranſmitted into the 
glaſs, by the firſt ſurface; and we mult alſo ſuppoſe 
the further ſide of the glaſs to be half pore and halt par- 
ticle ; then half the rays which enter the firſt ſurface 
will be reflected back by the ſecond ſurface, and made 
to converge to a focus before the glaſs, called a ſecond- 
ary or negative ſocus : fo we ſee the reaſon why ſeveral 
images are formed by the internal reflection and re- 
fraction. N | 

"A PLANO-CONVEX LENS forms its images at double 
the diſtance of a convex lens; ſo the ſame rules will 
hold good with doubling. | 

DovBLz concave LENs.—Diverging rays—the fo- 
cus is negative, at two-thirds from the center. Parallel 
rays the focus is at the center of the ſphere of which 
it is a portion. Converging rays—the focus is nega- 
tive, at the circumference. | 
7 CONCAVE diminiſhes the object, but the image is 
A PLano-concave forms its images at double 
diſtance, &c. | | | | 

A MENISCUs has ſometimes the property of a convex 
lens, and ſometimes of a concave, but is now very ſel- 
dom uſed. hat 

A MULTIPLYING GLASS forms as many objects as 
it has ground ſides. 

Havine now explained the nature and properties of 
lenſes, | ſhall ſhew how they may be made ſubſervient 
to the various purpoſes of man. 

Tus eye is the noble organ of ſight; it conſiſts of 
various coats and humours, of which three are re- 
markable ; viz. the aqueous, vitreous, and chryſtaline. 


at three inches diſtance, the ſame as a double convex; which de- 
monſtrates that the firſt ſurface neither refracts nor reflects the rays. 
to a focus. From hence it appears that burning glaſſes may be 
made at one-fourth of the uſual expence, and to burn four times 
as ſtrong. ; 1 

At 
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At the bottom of the eye is the retina, or optic nerve, 
upon which the images of objects are moe? lain | 
Tus chryſtalline humour is of ſuch convexity, that 
in a ſound eye its form is that of a convex lens; and 
its focus falls preciſely on the retina, and makes diftinet 
viſion. Any rays more than fix inches diſtant, when 
they enter the eye become nearly parallel; and there- 
fore, to a ſound eye diſtinct viſion cannot be affected at 
leſs than ſix inches. ee 
SINCE-ther there is a certain and determined degree 
of convexity in the chryſtaline humour for forming the 
images of objects on the retina, if it happens that the 
convexity be more or leſs than juſt, the focus of rays 
will fall ſhort of, or 7 beyond, the retina; and in either 
caſe will cauſe indiſtinct viſion: the firſt is the eaſe oi 
ſhort ſighted perſons, the latter of the aged. A ſhort 
ſighted perſon having the convexity of the eye too great, 
the rays are united, and form the oy before they 
reach the retina, The other defect ariſes from quite a 
contrary cauſe; viz. the chryſtaline humour: being too 
flat, as is generally the caſe with old people. 15 
Tut SINGLE MICROSCOPE is nothing but a convex 
Tux comPounD MICROSCOPE is conſtructed of three 
glaſſes; viz. an object glafs, and two eye glaſſes. 
THE SOLAR MICROSCOPE is conſtructed of a large 
lens, to throw light upon the object, and only one con- 
vex lens, of a ſhort focal diſtance, to magnify: the object. 
A plain mirror reflects the light of ihe ſun upon the | 
object, which is placed in a dark room, and magnifies | 


+ * 0h, sion ! the mother of agree. 
What charming objects doft thou yield: 15 
Di fawect when tedious night expires, 

; To. fee the roſy morning gild | | 

The mountain tops, and print the fields; ;, 
"Tis ſaveet the bluſhing morn to view, | 
And plains adorn'd with peariy dew, 
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it in proportion to the focal diſtance of the db glaſs 
to the breadth of the room. 6 
Tux orzxA Guss is conſtrued with two ents; * 
a plano-· con vex „and a concave eye glaſs. 
The focus of the concave falls within the focus of the 
nently the image is viewed erect. To 
= the magnifying power—dwvide the focal diſtance 

of the object glaſs by the focal diftance of the ye 
glaſs, and the quotient is the magnifying 

Tur GATIL AN ee is. 41 the ſame con- 
firution as the. opera glaſs. 3 uledibng G Eng ils: 
TAE REFRACTING 1/22 3 glaſſes, 


and one object glaſs: the three eye glaſſes ſtagd at 


double their focat diſtance from one anothet; and the 


| magnifying power is computed as in the opera glaſs. 


Dor ADS PATENT TELESCOPE Is — with a large 


object glaſs, which is compoſed of two joining glaſſes 


of different denſities, the one rerrecting the errors of, 
the other, and by taking off the coloured rays the image 


becomes bright and quite diſtin& ; conſequently the 


field of view is larger, and-the i image, formed by re- 
fraction, is viewed only by one eye glaſs. 
THz REFLECTING TELESCOPE eiceeds all offers in 


its magnifying powers and portable ſize. At the end 


of che great tube, adjoining to the ſmall tube, is a large 


convex mirror, with a hole through its middle, winch 


receives the rays from objects, and reflects them to a 
ſocus: a ſmall mirror is mas... the hole in the 
great mirror, which refic he image paraliey ro the 
cye glaſſes. art. 

THE DIAGONAL MIRROR. 955 a pleaſing indrument 
for viewing prints: it is conſtrued of a double eon - 
vex lens and a plain mirror, placed in an angle of 45 
degrees to a print placed in an inverted horizontal po- 
ſition, which, when viewed with che lens appears very 
much magnified. 

THz CAMERA onseun I is formed on the ſame prin- 
ciple as the diagonal rey it is — the ſame angle 


| againſt 
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the landſcape, and reflects it upwards on paper. ; : 


or glaſs, . landſcape may be drawn. 
| Tur sotor rie BALL is nothing more than a convex 
| lens of a long focus; for bein wy Her in a window- 
ſhutter, the rays from an obj 1 Ses fling one another 


ve a large picture of the object i in tas ro per colours.“ 
8 Fey POLYHEDRON is Conſtructed of four plain mir- 


pendicular, two and two, which reflect the 
image * object ſeveral times. 

Tux c1sTvLa is conſtructed of two mirrors, ſer pa- 
rallel and perpendicular to each other. 
Tux CYLINDERICAL MIRROR is a inſtru- 
| ment, which rectifies deformed pictures. | 
Tue More LANTERN: is formed on the ſame prin- 
ciples as the ſolar microſcope, with only this difference, 
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R T 8 and Wine liks kingdoms and nations, 
have ſome happy period of 

A which they more than ever dey the human atten- 
tion, and become the favourite purſuit: of the 

but theſe periods are ſoon over, and a few years of ue 
are often overbalanced by centuries of oblivion. 

this kind is Electricity; one of the moſt ing of 
ſurprizing er all the branches of natural , 


0 . + By means of hich used, kills, and dale appear, I e 

Fuels graze the plains, bird: wving the filet air : | 
| "Tn dar JI roms akon ight can only paſs | 
Turo the ſmall circle of @ convex glaſi, u Hel 
Os, the white' ſheet the moving et „AR 
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lendor and glory, 
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phy that ever were cultivated by man. After it began 
ro ſhew the extent of its power, and was found to be 
one of the greateſt agents of nature, it was profitably 
cultivated, and brought to a ſtate in which it ſeems fur- 
ther to engage the general attention, and promiſe to its 
followers more munificent rewards. 8 Ap 

ELecrricity, by ftriking the ſenſes in a particular 
manner, affords pleaſure ; and is of uſe to the ignorant 
as well as the philoſopher, the poor as well as the rich: 
we are pleaſed with beholding its penetrating light; 
we admire its attraction and repulſion , ay; by 
the ſhock, and terrified by the exploſion. But when 
we conſider it as the cauſe of thunder, lightening, the 
aurora borealis, and other phænomena of nature, whoſe 
direful effects we can in part imitate, explain, and even 
avert, we are then involyed in a maze that leaves no- 
thing to contemplate but the inexpreſlible and perma- 
nent idea of admiration and wonder. | 

Taz term Electricity is derived from electron, the. 
Greek name for amber, which Theophraſtus, about 
300 years before the birth of Chriſt, found to attract 
light bodies, ſuch as chaff and pieces of ſtraw, &c. but 
now it is extended to ſignify the ſaid power in all other 
bodies wherein that power reſides. 

ALL bodies that we know of have more or leſs of 
this electric matter, or fluid, in them; which lies dor- 
mant till put into motion by rubbing, and then in a 
dark room it appears like fire. 

SOME bodies do freely admit this fluid to paſs through 

their pores, and others do not ; the former of theſe are 


called non-electrics, or conduFors :* the latter, which do 


not admit the electric fluid ro paſs through their pores, 
are called eleFrics, or nan- conductors; | but if any elec- 
tric be wetted with water, the water that adheres to it 
becomes a conductor. | Tur 


* Conda&ors,—Gold, flwr, copper, braſs, tron, tin, lead, ores, 
charcoal, fluids, ice, ſnow, ſaline FE bfances, ſmoke, vapours, &c. 
1 Non conductors,.—Glaſe, precious ſtones, reſins, amber 7 — 

| paur 
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Tun quantity of electric fire which every body has | 
wing dormant in it, is called its natural quantity ; and 
this would always remain motionleſs and inviſible if | 
nothing diſturbed it; but when any more is forced i woo 
= the whole is inſtantly put in motion thereby, and 

begin $ to run out of the body if it can find a paſſage. 
Tux earth is the grand ſource of electric fire, and no 
Ades quantity can be forced into any body but 
from the eatth. If the body be a free conductor, and 
have a free communication with the earth, by means of 

a conducting body, the electric fire will run as faſt to 
the earth. as it is driven into the conductor; but if the 
conducting body be cut off by means of any non- con- 
ductor, owe of the electric fire will be forced into the 
conductor, by which: means it will have more than its 
natural quantity; and; the earth from whence it was ta- 
ken will have ſo much leſs ; which proves that the 
electric fluid may be condenſed, or compreſſed! m_ a 
lefs ſpace than it naturally poſſeſſes. 

Is the conducting bedy be round, and properly i in- 

ſulated, the electric fluid will come from it in a very b 
condenſed ſtate, but from a point it comes of inſenſibly; © © 
which proves that ſharp pointed wires are as free con- 
ductors as open tubes are for water. b 
©» Wien a body has more than its nates) quantity of t 
this fluid it is ſaid to beeleRrified poſitively or plus and 
hen leſs than its natural quantity it is ſaid to be elec- 
trified negatively or minus: the machine may be ſo con- 
trived as to electrify ether of theſe * * 


pbor, baked wood, Wax, alk, A. 5 lg word, hate; paper, 
 _ white ſugar, air, oils, aſhes, dry vegetable ſubſtances, &c. _ re 

When a body is to be uſed as a non-· conductor it ſhoaid be well tl 
wiped.with „ eee ee the ,, 
3 'of the aii. 

A When two bodies are elefrified o rey, 3 repel by 
60h other : but . one 3 electriſied 22 and the * minus, fr 
they attract each other; as ſhewn b riments with t - 
e and r YL * ß a . de 
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Tu electtical fluid accelerates the motion of fluids, 
as is evidently proved by various experiments. 


ir i! a glaſs plate be coated with ſome conducting ſub- 
to ſtance: on both ſides, ſo that the coating do not come ſo 
ud near the edge as to render it unfit to be charged, and 

' if one; fide tauch ſome conducting, eleftrified, inſulated 


bady; and: the other ſide communicate with the earth; 
in-this-caſe the body will become N on one ſide 
poſitively, and on the other negatively: for no body can 
have an overcharge on one ſide, without the other ſide 
be ſo ſituated as ta part with its natural quantity of this 
fluid, which it cannot do if it do not communicate with 
the earth; for an inſulated jar cannot be charged, as 
ſhewn by experiment: ſo that to reſtore the equilibrium 
a conducting body muſt touch both ſides, and if the 
equilibrium be: reſtored through the human body it 
gives a ſudden motion, by contracting the mulcles 
through which it paſſes, and cauſes a diſagreeable ſen- 
ſation called the eledtrical ſliock. 
in- Wäre and ſalt will collect the electric fire, the one 
ery being an electric and the other a non. electric: hence 
y; che. ſea will become a large electrical machine; when 
on- violently agitated by winds, collecting on its trou- 
bled ſurface the fire from beneath, and looking in 
the night as if it was all on fire. Clouds raiſed by 
attraction, &c. from a ſea fo circumſtanced, muſt 
needs contain more ot the electric fire than clouds 
raiſcd from the land, or a calm ſea if, therefore, two 
clouds meet, fraught with unequal portions of this fluid, 
the cloud more electrified will depoſite its overplus in 
the cloud leſs electrified, and with a flaſh of lightning 
reſtore the equilibrium; and this fire rarefying the air, 
well the adjoining air will ruſh in, and with a report called 
thunder reſtore the equilibrium of the air. If a cloud 
epel WF be attracted by a mountain, the electric fire will dart 
from the eloud to the mountain, and vice verſa. 
rey _ Henee if a cloud replete with electric matter come 
too near a building, it will break upon the higheſt part 
of the building; as ſhewn by artificial clouds and thun- 
der houſe. F InFLAM- 


— 
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- InFLAMMABLE air may be fired by the electrical 
ſpark ; which ſhews that if ſuch air be engendered by 
chaiybeats, vitriolic acid, and water, fermenting in the 


bowels of the earth, and ſhould meet with this fluid in 
the earth, it would take fire, and blow up the earth in 
manner of an earthquake. In hot countries the electrical 
matter raiſed by attraction is returned in drops of rain: 
and as it may be proved by experiment that the elec- 


erical fluid accelerates the motion of fluids, we ſhall 


from hence ſee the reaſon of ſuch large drops in hot 


countries, and in thunder ſhowers, as it is 8 by 
experiment that hot bodies become conductor. 


Dunzxd the ſun's perihelion, which is in the winter 
months, che electric matter — in motion by the ſun's 


heat in the ſouthern hemiſphere, goes off to the cold 


regions of the northern hemiſphere, and is thrown off in 


a direction oppoſite to the ſun, into the upper 


the atmoſphere, where it becomes viſible in e * 


of an aurora borealis. 


Tu ſenſitive plant is electrified by nature, as is alſo 
the torpedo and electrical gymnotus; but how they be- 


come ſo has not yet been determined by naturaliſts. 


| LECTURES VII. 
ForTIFICATION and Mechanics. = 


HE firſt great warrior and conqueror of anti- 
| quity was Nimrod, the founder of the Babyloniſh 
empire, whole name in the Hebrew language ſignifies 


— from hjs cruel diſpoſition and tyrannical con- 
duct. He began his reign in the year of the world 1757, 
and reigned 148 years: conſequently from his timeforti- 
fication was invented; either to ſecure his uſurped autho- 


rity over his fellow creatures, or by thoſe who were not of 


his e to ſecure themſelves — his depredations, 
probably 
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a rebel and apoſtate, and who perhaps derived the ap- 
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probably from both; for it is ſaid in the tenth chapter 
of Geneſis, that the beginning of his kingdom was Ba- 
bel: and likewiſe that out of the ſame land went forth 
Aſhur, and built Nineveh, another ſtate for defence 
againſt the depredations of the firſt. Thus hoſtility 
was introduced, and fortification became an art of im- 


portance. A broad and deep ditch was dug, and on 
its inner bank great walls were built, with round towers 


at a bow- ſnot diſtance, that overlooked the country, 


and bid defiance to the enemy's battering ram. In 
of time ſquare towers, with the angles to the 

Id took — the round ones, and gave the firſt 
hint of the bullwark, now called a baſtion : but ſince 
the invention of gunpowder and artillery, it has required 
the united efforts of the mathematician and architect 
to evade its power; for the moderns can do greater 
execution with a ball of -6]þ weight, than the ancients 


could do with .600lb weight. 


A regular fortification is now ſhaped like a hexagon, 


with well adjuſted angles and fides, and a baſtion at 


each corner, from which an enemy can be flanked in 
whatever direction he chuſes to approach; if he evade 
this, and attack the outermoſt angle of the baſtion, cal- 
led the ſalient angle, his ſhot falls on an oblique wall, 
and rolls without much harm into the ditch: if he at- 
tack the curtain he has two baſtions play ing upon him, 
as likewiſe the guns from the curtain: if he attempts 
to take the place by ſtorm, a, broad and deep ditch, a 
wall fix or eight yards high, the cannon and muſquetry 
oppoſe his paſſage; ſo that 'a fortification like this 
might have 3 deemed a ſufficient check to military 
Phrenzy. But the curtain being found too weak to 
withſtand the vigorous attacks of an enemy, it was 
found neceſſary to cover thoſe with out-works, com- 
poſed of angular walls called ravellins, pointing towards 
the fields; and where the country is open with a num- 
ber of ſtrong works called Horn. wort, crown-works, 


bonnets, lunettes, &c. round all which run a large ditch, 


LITER and 
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and the covert way, defended by I 
bank of earth next the field, and a paliſada of: thro 
4 of wood. Theſe were ſo adjuſted, that: t 
hts of cannon could play over: the heads uf the | | 
mu uetry on the covert way; and ſafe communications 
left between each under the works. The att has: made 
no farther advances: towards perfection; and ſuch d 
the dlabolical nature of war in general, that every friend 
to human nature will hope that fortificarien may be- e 
come uſeleſs, and that the time vill come when/'the i 
Prophecy of Iſalah will be veriſied; of which we _— C 
08 following ebe * Fope: 4 
; 4-249. : 1165 * 11400; Sri: 7 ure A 
12208 - diate Sinead eee ee | 

2 TTT 20 Je 
Neior fields irh gleaming feel be couer'd. ver, 2o0r WM - 
i brazen Gindie rage no mere; 
But uſeleſs lances into ſeythes. Mall bell, 
9 7 OP AY i7 07 e8rr al A. | 
we thi £ 

* ee 9 eee. A 8 into 11. þ 


— had * 


7 £0 37: b 4 24 nou! wx EAW 1 
2ſt wy Ain id! | 
175 * © wy 'A N. as fol | 
IR Isaac Waren three t of motion e 
the foundation of mechaniſxs. 
e Every body will continue in its e f | 
motion or reſt, except ſo far as ĩt is e eee f 
that ſtate by forces impreſſed, * * mee 
Law 2. Tur change of motion is aways propor- 
| tional! to the moving force imprefſed'; and is always | 
"made h to r W in IT that force is 


2 


f. 1 4 | 
uns Gas is ib along i 1 


* E. Proved Web ſquare and ball whichlikewiſe demonficate * 
the compoſition and reſolution of motion, n r | 
Feſled in IM n 2.52 vl ee, 
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earth's ſurface, or how far it deſcends from a tan 


diameter 
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Tau g. Action and reaction eee 
in contrary directions. {2 Has : 12:6; utiog » : 
: W naTeveR/isinconfſtert wich theſs laws, 1 with 
the general conſtitutjon f nature 
In momentum, ur quantity af motion, atiſes from 
its: quantity of matter, multiplied by its velocity. 

- Evexy prejectile is acted upon by two forces; viz. 
the impetus and grevity b the ſirſt the body paſſes 
over equal ſpaces in — times; and by the ſecond 
it deſcends ſpaces rhich are as 1 
of the times. And by theſe to forces donyointly; the 
e will nat delaribe!a nahmine. but a curve called 

a paralala. U vnio9q 240 10, homug req to 129 * 

We falling by the force of gravity, N. are affgct- 

ed in che qſollowing manner: 

wo of —— accelerated. ils (2 do 

11. Tux eee. time 


45 


"8 of the fall n. Lor abem: (if 256d one! 


III. Taz ſpaces paſſed chrough arc as the ſquares 
of the times or velocity): 
— = Ep wa 46 48 3 dean 

ranughs!t 2131 it 7 Düs- (90! n 
V. Tur ſpace pallad-abrough wicked is 
161 feet, nearly. F A 


| two bodies, one of, which ſrikes-an obſtacle with 2 
A of matter and 6 of velocity, and the other with gꝛ parts.pf | 
matter and 4 of velocity then q K, pnd/2X 6=223.copſe- 
quently the fmall body makes ih velocity what ig wants in 
weight, and vice verſa. 

They move accordingetd the odd numbers 1,3 4 5. 7. &c; for 
a the ſum bf any number of ternis/and/it will Daune — 4 


— — 14 2 „ ſquare #00r is 4; for 1624 


e a heavy body upon — ſutface — 
PU foros is equal to its gravitatin, power, this body would 


move round the earth in Bs minutes b 22 wiz, ãt would move 


at the rate of 5 miles in a ſecond: the verſed ſine of that 5 miles 
will thew'how far a heavy body deſcends in one ſecond, near the 
2. It bas been 
demonſtrated by geometricians,/ that the verſed: — an arch may 
be — {quaring'the chord, and dividing that product by che 
the eirele. Thus 5 — EEPANCIS —— 

2110 uare 
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A pendulum is any body ſuſpended upori, and move- 
able a point as a center :- and the times of vibrations in 
different pendulums, are as the ſquare root of their 
lengths. Hence the of pendulums are as the 
ſquares-of the roots of their vibrations. The time of 
one vibration is to the time of deſcent through half the 
length; as the circumference of a circle to its diameter. 
Wheno® the length of a pendulum vibrating ſeconds 
will be found 39, 2 inches nearly; and of an half ſecond + 
978 inches. — —.— ſta = 8 is — 1 

paler an a m, rate in the ſame 
| — it. This center of oſcillation is alſo the cen- 
ter of percuſſion, or that point in which the ſtroke i is 
the greateſt poſſible. 10 , intra 

The center of ty of a had is a point round 
which all parts 1 the body balance each other: there- 
fore, if this center is nat 2 the whole will fall. 

Hence bodies may be made to roll up. m be nne 
upon 4 point. 117 tl Balle 
; Ir rap or more bodies in motion be bre to- 
{ will have a common center of gravity be- 
jon 2 and the diſtance from the ſaid — 
will be rebjprocally as the quantity of matter in each 
body. CixculAn 


ſquare is 696960000, which divide by 42107149, the number of 
er! in the earth's diameter, and we get arp feet; and ſo far does 

à heavy body deſcend near the earth's furface in the firſt ſecond; 

: Mich was proved experimemally by Sr Inc Newton. 1 


8 2 Whos z'; YL, 01 19,6, half the length; 

19 622223932, the ;z then as 4: 1: 39,2: * 

balf ſecond; —ͤ— 5 inſtrument we can meaſure the 

diſtance of a cloud . ſeconds between the lighten 

ing and thunder. Suppoſe the time between ſeeing the flaſh and 

3 the report is 10 ends, then 10 X 1142211420 feet 

diſtant 

8 the pendulum e Far Alen 
A of the.earth's ſurface, and thence the true figure of the earth. 


The quantity of matter in the earth is 40 times more than 
. 
vity between ;the eartk and moon is near 2000 miles from Hy 
—rarth's ſurface, 


MECHANICS. 47 


CI curl AR motion and central forces are theſe; if a 
body be ſuſpended at the end of a ſtring, moveable 
about a center, and receive a blow in a horizontal po- 
ſition, it will be made to deſcribe a circle about the 
common center: while the motion continues the body 
will endeavour to fly off, which is called the centrifugal. 
force. It acts upon the ſtring, and the ſtring draws it 
towards the center, whence it is called the centripetal 
force; and when we ſpeak of them indefinitely they are 
called central forces. T (13H 

Ir bodies of equal weight revolve .in equal circles,, 
__ the ſame velocity, their centrifugal forces are 

u 15 . | N 
* bodies of equal weight revolve in equal circles, 
with unequal velocities, their centrifugal forces are as 
the ſquares of the velocities, Þ | Tr 
Itrx bodies of equal weight revolve in unequal circles, 
in ſuch a manner that the ſquares of their going round 
are as the cubes of their diſtance from the center of the 
circle they deſcribe, their centrifugal forces are inverſely 
as the ſquare of the diſtances from thoſe centers. || 

Tre Mechanical Powers are ſix in number; they 
are called mechanical becauſe they increaſe our power 


In like manner is the common center of gravity of the ſun, and 
all the planets which circulate about him, determined ; if they 
were all placed in one, right line, on one fide of the ſun, then 
would the common center of gravity of the whole ſyſtem be diſ- 
tant from the ſun's ſurface of his ſemidiameter ; and it is about 

this common center, and not about the ſun, that the planets and 
ſun itſelf revolve. 

+ By this kind of motion all the machinery of the planetary 
ſyſtem is performed. If, for the revolving body we ſubſtitute a 
planet ; for the center we place the ſun ; for the centripetal force, 
or ſtring, its power of attraction;; and for the n force, the 
almighty power of God in the firk creation of things. 1 

t This demonſtrates that a double velocity balances a quadruple 
power of attraction in the center. 

This confirms that famous propoſition of Kepler; vix. That 
the ſquares of the periodic times of the planets are as the cube 
of the diſtance from the ſun ; and that the ſun's attraction is in- 

* yerſely as the ſquare of the diſtance, ? on = 


* In 
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'n raifing" ;/ viz. the lever, Ppuliy, whe and axle, 


 #nclined: — — and. 


- Rule ſor all met, porvers. * will be an 
equilibrium betwixt the weight and power, when they 
are to each other reciprocally as the diſtance from the 
center j via. the weight multiplied i into the diſtance is 
equal to the power r N into 3 of che 

Or 9 

— BY five Euch: Ds ana 5 wr ves 
the prop is between the weight and power; a. when the 
prop is at one end, the-power applied at the other, and 
the between both; 3- when the prop is at one 
end, the weight at the other, and the power _ 
between both; 4. bended lever; 5. 2 

Tux palley, if! ingle, has-no mechanical advantage; 
but if two or more be combined, then the power is to 
the weight as one do the number of page hog [00 to 
che lower block 

WnuòErL and AE Thr power is to ni x as. 
* diameter of the axle to the diameter of the Wheel. 

Iscumty pflAxR.— The power muſt be to the 
_ as the weight of the plane is to the length. 
boB.— The power will be to the refiſtance, as 


the breadth of the — to both its ſides. 


ScxrwW.— The power is to the weight, as the height 
to the length of the thread. 

The reaſon why the tides riſe at the ſame time on op- 
pofite ſides of the earth, and in oppoſite directions, is 
made plain by an'experiment on the whirling table. 
The cauſe of their riſing on the ſide next the moon is 
owing to the moon's attraction; and on the oppoſite 
fide, by the centrifugal force of the earth. The moon's 
attraction on the waters of the ocean is as 10, and the 
ſun's 3; ſo at the change of the moon the attraction 
of the jun and moon con P 7 — and 1043213, 
dix. with the force of x ike ride; and the cen- 
trifugal force of the ear att change being likewife 
1 3 = the tide on that ſide turned from the 1. 

t 


, 


L 
©. 
5 


_ every! 
an hot later of ſouthi; 


[moſ} generalard tro j wit deat, which by 


—_— eee, Da, A 


At the quarters the attration of the ſun counteracts 


the attractiun of the moon, ur. 10— 3, a nean tide. 
At full indon the attraction ot the ſun conſpires with the 


cenittiugal force, and theſe two forces: balance the 


-moan's,: conſciquently we have two tides 
25 hauts: . r, N is near 


WWI A current . and 2 as air is fluid. it its 
naturab ftate is that of veſte when this natural equili- 
brium to. be deſtroyed in any part; there fol · 
lows a motion of the air towards that part toireſtore it, 
and this ,iů of the air we call w,, 

i Many ure the cauſes chat produce wind, but the 
rart#ying the 
ain makes it. bighter in fame places/than others; and 
cald; by'\candenſing it, makes/iribeavier: hence in the 
torrid an the air being mare: rarcefied, is much lighter 
chat in otlier᷑ parts, and moſt of — 
parts of chotagth. 1 Yo il dow 11 Shun to *%; 

Now by the earth's rotation eaſtward it follows, that 
thoſe_prts of the air which, lie on the welt ſide of the 
deine Sreatelt rarefack on, and by flowing towards 


* Hence, with teſpe ct to chat place here the equilibrium of 
the air is a 0 2 ſee the wid may Nos from every point 
of the compaſs t the oe 1 thoſe who live northward have 
a north wind, And a { butShoſelwhelivg'on the ſpot 
where all theſe winds meet are oppreſed with wiyrIwinds and hur- 


ricanes, &c. 'Y 
The velocity of the wind" is ac Rs the rat rate e $oor 


60 miles per hbdy, \ 


v _ Wen nnd K eK an U. 


He gipgi the nar + hed tin 23 Sd 5 
B W. N or m [Garg x 
7 10 N e e 2 RUN d. 
ue ni, the warrgen — N rx. 
"os urg A by ſeas, with boundleſs fury roll, 


roaring Ig Fart 8 if 
LPR the warring Hements have , e 
Ocean, ſubmifi ve, ſmooths her furrow'd face, 234 


wth Vos hea we riot e, exec; 
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it, meet it, have leſs motion W 
the ſaid point, which follow it; and therefore, the mo- 
tion of the eaſtern air Would prevail againſt that of the 
weſtern-airj and: ſd generatela continual eaſt wind, if 
this were all the effect of that crarefaction: but as the 
air is ſo greatly rarcfied/over the equator, and about the 
poles condenſed by cold, this heavier air from either 
pole is conſtantly — towards the equator, to re- 
ſtore the equilibrium deſtroyed by the rarefaction of 
the air over thoſe regions; ccc conſtant north and 
ſouth wind would be generated. i none: 
Now by compoſition of motion, theſe two direc- 
tions of rhei air: from caſt and north, à conſtant N. E. 
wind: il be in the northern hemiſphere ; and 
a S. E. wind un: the ſbuthern IE to a certain 
diſtanee an ach ſide of the equator, all round the earth: 
and this awe :find 'veritied in the general trade winds, 
[/which-conflantly-blowdrbauiNyE. and S E. to about 
30 of latitude on each ſide of the equator? Mo 2 13rg 
1: ewollot 7 BFU h. Honor d H- yd wort 
—41¹ we len 2 fg ail Az e ng 20 my q 807 
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as * —— Hail Sgience þ hea, enly horn ! _ = 
h ſchemes the life A hilt, the mind adarn, 1 . 


2 ps aid the Heaven's ſeal'd volumes wide impart ; 
And taught the" ſcamun firf" Ms wſthul art; 
Gave changing ſeaſent their deter min d ſpace = 
And fix d to hours _, years their mcaſur d race. 
ee TI BEES Bip ,c \ 8 vu 187 
ND God faid; * L there 3 Lieut” and there 
was light. Le. the EARTH de;“ and the earth 


tt. 


©, 


C) 


Was. Nennen wi ders Ot Vim gn any 4) 
Moss tells us, that's In yhe beginning God errated the 
heavens and the earth, andthe earth was ſhapeleſs and 

: void; 
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void; dark 
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5 was upon the fuce of the deep, and te 
Spirit of God moved upon the face of the waters. x 

From' this text of the Jewiſh law-giver it, follows, 
that the earth was a chaos, and muſt naturally put on 
the form of a globe; for it has been demonſtrated, 
that matter without a motion round its axis rwagurallyr. 


puts on the form of a globe. | 
Tux Carteſians believed the _— was formed from 
atoms, without any creating but if the earth 


was formed from atoms, the wie would: go towards 
the center, and the lighteſt would be upon the earth's. 
ſurface, which is contrary to experience; ſo that the 
earth muſt be formed from ſome other cauſe; 14 

Ir has been a matter of diſpute what was the igure 
of the earth; the ancients thought it was flatt; ſome 
the figure of a globe; others that of a prolate ſpheroid : 
but in order to prove what figure the earth was really 
of, the French king ſent mathematicians to the equator 

and lar circle, to meaſure a degree, and a degree was 
meaſured in France: from theſe meaſures, and the 
principles of gravication, it was demonſtrated, that the 
earth is not a globe, but an oblate ſpheroid; that is, 
flatted towards the poles ; for the equatorial diameter 
exceeds its polar by 35 miles: Now if the earth was 
partly fluid, 3 as doubtleſs it was at its firſt formation, 
or when the Alm hty gave it its projectile force, and 
as the centrifugal force is much greater at the equator 
than at the poles; the parts at the equator would fly off, 
and at the poles would contract, &c. 

Tuis oblate figure proves the diurnal motion ; fir | 
if it was at reſt it would put on the form of a globe. 
We perceive not this motion, becauſe the air in which 
we. live e of the ſame motion: likewiſe, when 


2415 G19 it 


a *, TheiCartefians bat gl bubbles in water, which they ob- 
ſerved boot; ho one anather, and ſo formed a body in the middle 
of the bowl they imagined the earth was formed from atoms 
in "the like abut 5 but'the real cauſe *. their attration i3/de- 
e in lecture firſt, 


We OE riding 
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riding-in a coach we appear to be at reſt and the 
neighbouring country running by us: and in hhe man- 
ner we are deceived in the motion of the cartm 
 Sgvgxai-people make an objection to the motio of N 
the earth becauſe ſcripture meitions its ſtahility : and 
like wiſe ſay, that if the eurth turns round, ihe Jooly bo- 
dies on its ſurface would fly off. But ve muſt con- 
ſider,” that the particles oi which the earth is compoſed 
are held together by he potver of gravitatian: it is his 
power that giues weight to all bodies, or that tendency 
they have towards the center of the earth for it ex-- 
ceeds the centrifugal force in proportion as 289 to 1. 
Hence the general tap of the earth becomes its whole 
ſurface,” ànd the general bottom its center : the Ami- 
are therefore as much on the top as w: 
Wnen a ſhip:ap ug at fea we firſt ſee het 
upper \ſails, chen ber lower: ſnilt, and then the dull by 
when it is evident ſne moves on a round ſurface, or we 
ſhould ſe the whole at a time, &c. Several havt ſailed 
round the: earth; henct we conclude the earth is a 
globe. The earth's roundneſs is no more taffected by 
the largeſt mountains, than the roundheſsob a common 
9 x few grains of duſt thrown upon it. 
Tas moſt celebrated Hypotheſes, or ſyſtems of the 

watdlirns chree; vix. 14 the |Ptolomaic,: invented by 
Ptolomy: 2. the Tychonic Syſtem, invented by: Tycho 
Brahe: 3. the Copernican, or ſolar ſyſtem; invented by 
Pythagoras, revived by renden eee 

oy Sir Iſaac Newton. ic 29l0g 91 

ProLowy ſuppoſed; che earth fixed. ammoveably in 
che center ofthe univerſe; and that xl feven-planers, 
conſidering the moon as one of the primaries, were pla- 
ced near to it; above them was che firmament of fed 

ſtars, then the chryſtaline orbs, then the primum mobile, 

and laſt of alt, che calum empyrium, or heaven of heavens, 
All thefe} 1 heTuppoſed to move found tie earth 
once in 24 hours; zand, beſides We in, Ck waa 

or 1 times. 51 101 of 
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days and nights have not been N 
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Txeno ſu the earth to be the center of the 
ſtars, and of the ſun and moon; but made the ſun 
centat of the planetary, motions. Thus the ſun, wit 
all abe planetꝭ, was made to revolve about the earth 
once: a ycar, to account for the annual motion z and the 
earth round its axis, from weſt 10 eaſt. once in * i 
hours, to account for the diurnal motion. | 

„Tur Corggwicax, or true, ſyſtem of the world, is 
demonſtrated upom the principleg of compoſition and re- 


Jane of ' motion, projeatile n uni lens, cc. 


(ke Mechanjes. ) ny 
Tus bodies wal ample the ſolar ſyldem are abdut 
48 via. 8 primatys 10 ſecondary;; and go comet. 
. Jun—an immenſe globe of fire: is placed in the en- 
ter, pr rather in the lower focus, of all che planets and 
comets, and by. various; agitatens of the planets, 
turns round on his axis in 2:54 days: bis diameter is 
computed to be above 800000 miles, conſequently ihe 


ſun-$-4900000 times as large as/the earth.“ 


Mercuky is computed to be 32 millions of miles 
from the ſun; and by moving at the rate of 95000 
miles every hour in his orbit, he revolves round the 
ſun in about 88 of bur days. EIis diameter is 1 — 
mh conſequenily the: is 36 times as la - dy 
15 ht and heat is ſeven dimes Wee een earth. 

s elongation never exceeds 219, con ay ate his 


4 aſtrono- 
mers, on account of, mn deen ro the fun 
| bY 11> 
| 4 the J „ thirty SER 22 
e turns, and wiſits Pk the poles ; 


Di rent his track, but gonflant his career; © 
65 ee e, N e 


Y hn en toe ralf wing, reigns, 
| otic Phe giebe; d, ni the Lot) 
„„ ee Ne, the vinrr 
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Vxxvus, the next planet in the ſyſtem; known by ker 
btikiancy, is about 30 millions of miles from the ſun; 
and by travelling at the rate of 69000'miles every hour 
in her orbit, moves round the ſun in 225 of our days. 

By the obſervations of Bianchini it appears that 
Venus turns round her axis in 241 3 that there 
are but 93 days in Venus's year and every fourth year 
is a leap year, as in the earth : ſhe is near as big as the 
earth, and her diurnal motion is 43 miles in an hour. 
Her light and heat are twice as great as the light and 

heat received by the earth. Venus's greateſt elongation 
a is about 479, and inclines 75* to the axis of her orbit, 
which is 31“ more than the axis of the earth inclines; 
ntly her polar circles are within 15* of her 
equator, and her tropics are within 15 of her poles; 
4 therefore her ſeaſons vary very faſt, the ſun paſſing over 

| more of her in one day than over the earth in a quarter 
1 of a year; hence the heated places have time to cool. 

Her ſeaſons are, a ſpring and autumn, a ſummer as long 


as both, and a winter as long as the whole.“ 


0 1 1 
üg bw 50. 11010218 n von £51914 
_ All that dwell tiere muſt be refin'd and pure; 


Bodies like ours fuck ardout can't endure. Ke. 
© Our Earth would blaze beneath Jo fierct a ray,” © © 
1. all its marble mountain; malt S . 
el yiinorp?t 05 913.4 235589 12041; Beher'e:Voiverſt 


A138 +] | 7 1 „ 1712 1 * M15 v y ; 44 22437 
"© Fair vinus next fulfils ket larger round, + 
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With ſofter beams, rr” pe glory ru © 
2 HY F riend to mankind, ſhe glitters from afar, * 
| Now the bright Ex! ning, now the Merning fer. 
| * FLY a Lak ah) x $$ ap) der 8 Univerſe. 
_— 14A I%E"v0 wth W * renn 
The greateſt diſtance of the earth, or apy planet, from the ſun 
is called the aphelion ; its leaſt diſtance 18 Ae 8 3 3 
en 


A planet is ſaid to be in ha. pale ſan when ins appa- 


rent place, ſeen „is in ot near the fun's place: it 


ae de in e en en the earth i betppen the fan and the 
Planet. s 


The elongation of g planet is its apparent diſtance from the ſun, 

as ſeen fog the a (A plap _ elongation when in con- 
' JunRtion with the ſun; in oppoſition it has 180%. An —— 
plwKanet 


* 
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— is. the next planet in the ſyſtem, 
ted te be 62 millions of miles from the ſun; and, by 
moving at the rare of 58000 miles every hour in its or. 
dit, moves round the ſun in one year. The diurnal 
motion is. 104-0 miles in an hour in the — bur 1 in 
the latitude of 34 only 360 miles. +. n 
+0 Tun Amis 540000 miles diſtant from the earth, 
and moves from one fixed ſtar to the ſame again in 
27 days, 7 hours, and 43 /; but from change 8 
in 29 days, 22 hours, and 440, and turns round its 4 
in the ſame time it turns round the earth, ſo _ it Al- 
ways turns che fame face to the earth. 
Mas, the next planet in the ſyſtem, thi diſtance 
oh 125 millions of miles fror the ſun and by 
at the rate or miles every hour in his orbit, per- 
fornis his circùit round the ſun in 685 days. He turns 
round his axis in 24 hours and 40 minutes; and his 
diameter is 4.444 miles, fo that he is but one - ſixcii part 


planet may be in conjunction with the ſun ĩn two fituations ; 1, 
when it is between the earth and the fan,' called the inferior con- 
junction; 2. when the ſun is between the earth and planet called 
1 ſuperior nn but it can neyer be in oppoſition to the 


; When the i nate it their greateſt elongation they 
appear ſtationary, or continue inthe fame place: for ſome time, be- 


fore ee motion changes from direct to rerogade, or from regro-- | 


ni het vie e eee Aft 

be time — retrogreſſion df Venus is aboot 40 unf of 
NM 18 dayg.ouo aro 110 vom et inn e ee ee 
As Venus moves from her ſuperior io het inferior conjunction, 
the ſets after the ſun, und ig cufled u Jari; and heuſhe is 
moving front her daferior ts her ſoperigy con) unRivn the riſes be- 
fore the ſun, and is ealled'the I ear. Whew Menus ig ure 
evening' ſtar her horns are turned towards the weſt, and wice er/a. 
Venus Is an cven⁰, ing: days aiternatlyy hich 
13 owing to uy \ hotion"in the clit ne. TU wW = 

Nn wh un * ines 2 X. 


eee * 25 


And forms a wider circle round the fun, _ 

L. Mae i en den dr, r 
tur the Mining * nan: 

Ir em en, Brine 


1 k — 
hSnimg 


l: Wn. s ye une 
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been the earth The light and heat received by 
cis planet from the ſun, is hut equal ito one half ef 
the light and cy yagi by the carth. He has no 
variety of ſeaſans. * eo) CY! 72 duet avon: d 

4 Juraran, che lane pliner i in thedphem, and next 
in order, is at five eimes che diſtance from the ſun that 
the earth it, and ſdenνν only a twenty fiſih — of 
the dight and heat? Ae mos at tis rute of 2 
males in an hour, and performs his ænurſt 

fun in years andr314:ays.. He dtums round Fes 
Ais in h hours and gf minutes: zbixrhburly (diurnal 
motion exceeds his matn in cha ealiptit by 920 + ex 


and by: this quick) rotstion on bia axis; His 


aten en 
anner Tie fo nſa mf hig diurnal motiom draws 
ther clouds upon his ſurface into freaks on lines called 


2 9n0 Nl il 2640; ot colin 2444 0: Jorrren 


372 „ as: along tract bid:appaintid m ni 50 1507 1906 
» $1033 is b 196q4/ardl nt. an hci, ug D%hõ,,⁶e.ʒ 1! odo 

ellas ze ahmen ae bt rang fur , e .- ; | noifBavt 
41 01 it for theybiny rem avhines he rail Banyay: i 12041 Ul 


E 
++/Theiapparent na-af the faporinr in wn 
reſpos: withi tſe ee anes, ,b E — 


Ae en 10 beg. 14191 01 1351 Ib n g d nottom 1541 9401 
he ſuperior planets are ſometimes in conganyſtion wich the fan, 


ſometiniet jn quaidratusea andi Meer i; v1 
When a ſuperior planet is moving from one af its apparent la - 


tie :thooug conjeH . ir mt is:drrott 1 _ 
tndvgh 'the 1 beni matiqn dd retrograde. : 


[Phe ride of tha ws vr nc 


Jupites + months, 


maths. ne antes 910! 


nnen bas Sow ad. W nova n: 1s 29104 154 ll 1900955 


Thr: \- 26s maave-r ovate Shen AN ng 4 1ey099 | 
Large urin e Nie ufa aver 0; oolwo cf 
Four friendly Moons with berrow'd luſtre riſe, 
nn, ET DTTES oh! 
zh hi enen n r u wes 
The planets viewed.theoughateloſcops ap fr of their 
 adventitious rays, and. 2 gircalan ,agetermined 
magnitads, e diameters may be meaſured by a micrometer. 


4 


* 
1 — % ˙ / r ea ao 
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JoriTeR has four moons or ſatellites moving round 
him, at the diſtance and periods as under : 


MILES DIST, N N. 


: D. . 
. 229000 — in — 1 18 36 
II. 364000 — in — 3 13 15 
III. 580000 — in — 7 3 59 


IV. _ 10006000 = in — 16 18 30 


SATURN, the next in order, is 600 times as large as 
the earth; his diſtance from the ſun is computed to be 
780 millions of miles, and by moving at the rate of 
18000 mules every hour in his orbit, moves round the 
ſun in ag years and 467 days. On account of the great 
diſtance of this planet, aſtronomers have not been able 
todetermine the length of his days and nights. The light 
and heat received by this planet is but the one-ninetieth 
part of the light and heat received by the earth; but to 
make amends, he is attended by five moons, beſides a 
broad luminous ring, which reflects the light ſtrongly 


* 


: uyon him. The ring is inclined about 3o* to the plane 
the ecliptic z its diſtance from the body of the pla- 
net is about 21000 miles, which is the breadth of the 


——_—..- | Tus 


The Satellites of Jupiter, &c. caſt a ſhadow upon their prima- 
ries, which may be obſerved by a teleſcope, and ſeen to paſs over 
the disc of the planet hke a ſpot. . From hence the longitude of 
places _ the earth may be determined, as likewiſe the veloci- 
ty of light. a 


- + Fartheft and laft, ſcarce warm'd by Phæbu ray, 
Through his wide orbit, SATURN wheels away. 
How great the change, could ⁊ue be wafted there / 

How 2 the ſeaſons ! and how long the year / 

One Moon on us reflects her chearful Poke, | 

T here foe attendants brighten up the night - 
He e the blue firmament bedecked with flars ; 

There, overhead, a lucid arch appears. 

From hence, how large, how rang the Sun's bright ball! 

But, ſeen from thence, how languid and how mail ! 

When the keen North with all its fury blows, 


Congtals the fendt, and - 6 the fleecy ſnows, 


— 


"Tis . 


— 
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THe Georgium Siduwis a planet newly diſcovered by 


Mr. Herſchell. It moves about the thirtieth part of a 


degree in 24 hours; is near twice as far diſtant from 
the ſun as Saturn, and will be near 82 years and ſix 
months in going round him. It is 100 times as large 
as the earth.“ 

Tur Parallat of the heavenly bodies is the change 
of their apparent places, when viewed at different ſta- 
tions, as at the center and ſurface of the earth: its uſe 
is to find the diſtance of the heavenly bodies. 
Ius greater Circles of the Sphere are (ix in number; 
viz. 1. the Equinoctial, which- divides the ſphere into 
two parts: 2. the ecliptic, or line in which the ſun 
apparently moves: 3. the Meridian, which paſſes 
through both poles: 4. the Horizon : 85 and 6. the 
two olures. 

Tus leſſer Circles of the Sphere are four in under 5 
| viz. the two Tropics, and the rwo polar Cireles. 


"73; heat interſe to what can Ra be "PER? 
Warmer our Poles than is its burning Zone. | 1 
Who there inhabit muff have other powers, | 
Fuices, and weint, and ſenſe, and bfe, than ours ; 
One moment cold, like theirs, 0 pierce the bene, 
Freeze the heart's "blood, and turn us all to flone.— 
Strange and amazing muff the diff rence be 
*Tewixt this dull planet and bright Mercury; © 
Tit reaſon ſays, nor can wwe doubt at ail, 
Millions of beings dwell on eit her ball, 
With conſlitutions fitted to that pot, 
lere Providence, all- wiſe, has fix'd their he. 
B AK BR 's Univerſe. 


The Periods and Diſtances of 3 8 n 


PERIODS, DISTANCE. 
D. H. M. 
J. 1 21 19, and is 140000 miles from his center. 


II. 2 17 40, — 187000 
III. 4 12 25.— 263000 
IV. 15 22 41, — | 600000 — 
V. 79 7 48, — 1800000 — 


th ' This Planet has only 4 as much light and bes, 
ow 


| 


SYS _ * 1 "> 
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- Naw as the ſun always enlightens one half of the 
earth's ſurface, the circle which terminates the enlight- 

ened and darkened hemiſpheres is called The Circle of 
Tllumination ;, and as the ſun revolves round its axis from 


weſt to eaſt, the ſucceſſion of day and night becomes 
evident; and as the earth moves in the ecliptic with 


its axis-inclined 23:*, and moving parallel to itſelf, 
turns both poles alternately to the ſun, which cauſes 
the different ſeaſons, as is ſhewn by experiment. 
Tus ſummer is eight days longer than the winter: 
— is owing to the earth's moving in an eliptic orbit; 
or it 1s at its perihelion in winter, and ſo moves faſter. 
Tas Moon moves round the earth, & c. in 27 days, 
7 hours, and 43 minutes, at the diſtance of 240000 
miles: her diameter is 2180 miles, and ſhe moves at the 
rate of 2290 miles every hour. Her orbit is inclined 
to the ecliptic in an angle of 5: the points where it in- 


terſects the ecliptic are called moon's nodes; theſe nodes 


have a ſlow retrograde motion of 193 in a year, which 
carries them round the ecliptic, contrary to the order 
of the ſigns, in 18 years and 225 days. We do not 
ſee the moon at the conjunction; but at the oppoſition 
her whole face. After the new moon her horns are 


turned towards the eaſt, and before new moon towards 
the welt; which proves that ſhe ſhines by a borrowed 


light from the ſunn. | 
An Ecliſe is a deficiency of light in the heavenly 


bodies. In an eclipſe of the ſun its light is intercepted 


from the ſight by the moon's paſſing between the ſun 
and earth. An eclipſe of the moon is cauſed by her 
paſſing nar the ſhadow of the earth, whereby ſhe 

is deprived of the ſun's light. The ſun can never be 


eclipſed but at the new moon; neither can there be an 
eclipſe of the moon but at the time of the full moon. 
In the firſt caſe the new moon muſt be within 18 de- 
grees, in the laſt within 12 degrees, of one of the n des. 

Ir theſe nodes kept always in the ſame ſign of the 
ecliptic, the ſun and moon would always be eclipſed in 
aut H2 Pk the 
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the ſame places, and at the ſame time every year; but 
as the nodes have a ve motion of 194 degrees in 
one year, and es the r meet the nodes, we ſhall have 
a reftitution of the fame eelipſe in 18 10 or 17 
days, according as four or fre leap intervene. 
A Comet is a kind of planet which revolves round 
the ſun in a very eccentric orbit, and recedes farther 
from the ſun in its apheſien than any of the planets, 
It is invifible until it comes to the planetary regions, 
and then appears ſurrounded with a denſe atmoſphere. 
From the fide oppoſite the ſun it emits a ſhinng tail, 
| ſhort at firſt, but increaſing as the comet approaches 
the ſun; and after its perthelion the tail is longeſt and 
moſt luminous. The matter ef which the tail.confiſts 
18 e yp vr matter coflected dy the 
comet in its aphelion, n oy 
| beat! is diſperſed through the planetary regions. * 
| Exxcraic Matter, Aurora Borealis, and Comets” 
Tails; are ſuppoſed; to be ſubſtances of the ſame nature, 
for the rays of light. fuffer no refradtion n paſſing 
through them. i f N a 
Tux fined ſtars are uppoſed to ns, ms 
of worlds 3 round them, as the . — | 
round the fun ; for whoever f them placed in 
one concave tphere; m"— appear to be, muſt have a 
very contratted notion of the all-wiſe ereator. The 
reaſon of one ſtar appearing ſo great and and another ſo 
ſmall, is, that one is near us in compariſon of the other; 
for by obſervations of Dr; Bradley, ehe neaxeſt frxed ſtar 
is i" 40606 tunes funher from us than we are from _ 


4 eee Hine 5 hind; 
Comets, drag 2 iir Plasing length behind. 
Ne-, as «ve think, do ! at random . 
- Bat in determin'd times, through long eli 
_ ind the ſometimes they mean approach t * 
; Sametimes beyond onn' Henri nun, 
% * their race they ag their maker's, . 


acl h 
SOT, clare, PI, le 


| ; by | 1 ſun. 


— WS Wn,. 7 


nw — — r 


ſuch luſtre; which proves that they 


* 
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fun.] Their diftance is: fo great, that a cannon, ball 


would be 7000000 millions of years in flying-to. the 
neareſt of them, witlythodamey as it goes from 
the mouth ot : hence the fun's light could 
never reach red ſtars, and be: refteQed back with 
y ſhine. with their 
own native 11 There are hut 1000 ftars uiſihle to 
the naked eye in both hemiſpheres; bur uſing glafes 
we difcover' more, and the better qut es are, the 
more ſtars may be obſerved. - Mx. Herſchell has diſ- 
covered 30000 ſtars, and doubeleſs many are yet undiſ- 
enen, no glaſs can be aeg magnify 5a. 


F | Cine; Jari, O mas, 7 


22 — ti day N 
NES Kere. forth thy gi 9 "ring ge; 


Millions beyond t be firmer _—_ riſe : 
Look . lien, more blaze we from remoter flies, 

And canft theu think, — 4 er: of * 
In fixe immenſe, in number infinite, | 
Were made-for thee alont, to twinkle to thy fight. 
Preſumptuous martal ! can thy nerves diſery | 
How far fem thes they roll, from thee ow highs 
With 4115 t —— * C any thou ſee | 
Nair a various beauty. araber, 


eg arid. be « . 723 
Thoſe gte n . diſc 7 1 Kanes 
Are founts of day, ffapendous orb: 2 
, Thus by their diftance 22 to 27 2 


New, if thou canft, the night ty thought Rita, 
4 * Lie thy foul, pam brain, hs 
onceive each ffar * Hef another ſun, OI 
In bulk, and form, 4 and Jubflance ce like thine b. : 


| Confalt with . 1 4 — 
E ach lucid Tie Bag, 
„5 
e wit 
With beams erg ens other A 
And * to thee unknown, with heat and life up 
BAK IR-; en 


— 
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to make them viſible; Some ſtars appear double; a and 
others of different colours; our polar ſtar is double. 
Some change their magnitude, as is the caſe with the 
ſtar Algol, in Meduſa's Head, which riſes from a ſtar 
of the third magnitude to one of the ſecond in 2 days 
_ 21 hours. By. we may conclude, that at 
> diſtance our ſun would dwindle into a fixed 
ftar, and all its ſyſtems: of worlds diſappear : conſe- 
quently we may ſuppoſe that every fixed ſtar is a ſun, 
giving light, heat, and vegetation toſyſtems of worlds 
moving round them; for nature does nothing in vain; 
and as the e diſcovers every drop of water, 
every blade of graſs, &c. {warming with inhabitants, 
we muſt ad e all other parts of the univerſe ſtored 
Pens QTY. gh, our ay cannot rvonee 
mc” N 


Die * . the * if God, and 10 e' Firma: 
went ſhewerh lis Handy-work. 0 1 


ele e l, ri 15 
| nfs thou one Hel, or one empty ſpot; : 
Obſerve the air, the waters, and the earth, 
Each moment gives ten thouſand creatures birth, 
' Here ew'ry plact, fo far from lying waſte, 
With life is crouded, and with beauty pgrac'd : 
Nor can theſe other worlds, unknown by thee, 
Leſs flor'd with creatures, or with beauty bez 
For God is uniform in all his aways, | 
And every e his boundleſs pow'r di ;/plays; 
| oodne/1 fills. immeaſureable ſpace, 
Reine by time, nor limited to place ; 
His awi/dom form d great nature's wich N 
And rules by ond. 0 tt the 


ares. 


— 


| „ 
EExXxPLANATION 
„or THE TECHNICAL TERMS USED IN THIS WORK. 


A BBERATION, wandering. 
Abſorb, te ſuck by; . g 
ZAolopyle, as bydraulic inſtrument fer 


converting water into an elaſtic teams. 


Accretion, the act of growing tog er ber. 


Aerial, belonging to the air. 

Air-pump, 4 machine 10 draw air out 
F veſſels. 

Alkali, a ſubflance which when mixed 
with an acid produces fermentation, 

Altitude, beight. 

A malgama, à mixture of metals. 

Amphiſcii, inhabitants of the torrid zone 

Angle, 7 point obere two lines meet. 

Animalcula, a little animal. 

' Anomaly, irregularity. . 

Antarctic, relating * outh pale. 

Antipodes, who live on oppoſite 
2 wht. and who 22 
feet oppoſite to ours. 

Antocci, inhabitants of, the earth who 
live under the ſame meridian, hut op- 
poſite parallels. 

Apex, the top or point 0 2 thing. 

Aphelion, that point of a planet's orbit 
in which it is at its greateſ diſlance 

rom the ſun. | 

Apogee, the wy of the ſun's Cc. orbit 
when fartheſt from the earth, | 

Arctic, the northern pole. 

Armillary, reſembling a ring. 

Aſcii, inbabitanis of the torrid zone. 

Atmoſphere, the ſurrounding air, 

Atom, a ſma particle of matter. 

Attraction, the purver of drawing to. 

Attrition, act of rubbing. 

Aurora Borealis, fireamers, nortbern 

X | lights, 

Axis, the line on which 7 thing turns. 

Barometer, a weather glaſs. 

Baſtion, a bulwark or fortreſs. 
Burning-glaſs, @ glaſs chat collect: the 
ſun's rays into a focus. | * 
Camera Gbſcura, an optical matbinit. 

Capillary, reſembling ſmall hairs. 

Cardinal, principal, | 

Catoptrics, that part of optics which 
treats of wiſfion by reflection. 

Centrifugal, flying from the center, 

Com - wy the center. 
20s, confuſion, indigeſted heap. 

Ch es ar. ane, of 2 

Circulation, a courſe of motion tending to 
the ſame point from which it began. 

Circumference, the line including any 
thing, : 


| Equation, equality, or making 


9 ſurrounding with 
Walt, | : 
Citadel, a caſtle, a fortreſs. 
Coagulate, run into lumps. 
Cohefive, the porver to pick together, 
Colures, circle: paſſing thro' both poles, 
and the equino&ial and ſolſtitial poinzs. 
Comet, a blazing far. 
Concave, bellow, 
Condenſe, cloſe, thick, 
on ood orm of a cone. 
onite » 4 cler © fixed . 
Converge, tending 5p 2 * 
Convex, rifing like the outſide of a globe. 
Cornea, 5 . 
Corpuſcle, à ſmall body, an atom. 
Crepuſculum, rqilight. . 
Chryttaline, like to chryſtal in brightneſs, 
Culminate, to be in the meridiln. 
Curve, any thing bent, 


Cycle, a round of time, 


Cylinder, a long, round body. 

Declination, the ac of bending. 

Decompoſition, compounded again. 

Degree, the 360th part of a circle, on 
the earth 60 miles, 


| Denſe, compact, cloſe, 


Diagonal, from angle to angle. 

Diameter, «a line which paſſes through 
the center of a circle, and divides it 
into t parts. 

Digit, twvelfth part of the diameter of 
the ſun or moon. | 

Dioptrics, ſcience of refracted viſſon. 

Disc, the face of the ſun. 

Diverge, 70 2 one point. 

Diviũbility, quality of admitting divifien 

Diurnal, dail n 

Ebullition, — . 

Excentrically, deviating from the center, 

Eclipſe, obſcuration of a luminary. 

Ecliptic, a /ine on the ſpheres of the 
world, which the ſun appears to deſ- 
eribe in its annual revolution, 


yr ſmall particles flying off from 

Elaſticity, ſpring or force of bodies 

Electricity, attractions without mag- 
netiſm. 


_ Elipſe, an oval figure. 


Elongation, act of lengthening. 
Embraſures, openings in a wall. 
Emerſion, reappearance of a flar. 
Enfilade, a ftrait paſſage. 

even. 
Equator, 


ator, line dividin endet bn ex09 
' 10. noch and ſk „ 


rium, of 402i 
X, nds pr agg day Al ni . 
ter, an inflrumene te meaſure 
\ the pu the air. 

2 ent like n A 
Flaccid, "limber, lax, 
Focus, fire place, likewi 
 Conwergettce where all 
Gibbous,/ crooked. 
Hemiſphere, Bf the globe. 
Heteroſcii, Feber of the temperave 

ones, their ſhadows all one w 
Hexagon, 4 euro fo x fides. . . 

Horizon, the line 2 — terminates 
Humidity, er of wetting, 
NOT, gow art of N water, 
Hydrometer, an infirument ” meaſure 

the extent of water. 


Hydroſtatics, ſcience of w 
-  Hypsthefis, - = f We 
| effort. 


bz 1 
e condu tor, as an 
and is ſeparated from the main land 
72 er. 

ns- Fiel comvex on both ſides, 

writ Ue, from eaſt to we length, _ 

| 2 nics, rhe geometry of mot ion. 
ledium, any thing intervening. . ; 


the point of 
rays meet. 


A 50 Meridian, /ize 83 the world. 
LEES 7 5 : onſoons, trade wi 
Wan 8 point oppoſite to the zenith. 
egarive, contrary to affirmative, 
Done, the point of interſefion of tewo 


or bits. 


the goth degree, 
point in the eclipric. 
ed % the poles. 


* by 


Sg 3 


. Oppofition, 2 4 ping 180 e : 
Orb, & bellow ſphere | 


"Oſcillation, che act of moving back and 
- 1 forwards like a pendulum. 
22 the: diſtance between the trae * 


* 
* * 28 — * — 2 
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Paralſel, a line at the ſame diſlance from 
- Pelhucid ;Gright, ke Gs. g ( —__ 
- Penunnbra, a imp. r fe? ſhadow. 
Perigee, - of a Planet VR. 
be earth. . 
Periheliongyace a planet when near 
Perioeci, e the earth 
* ke the Tame parallels, but op- 
Semicircles of the meridian. 
per Gi, inbabitanti of the frigid zones. 
Perpendicular, a line at right angles to 
Phaſes, 8 ( another. 
Phznomenon, a wonder fu maladies 
Pole, extremity af the earth, 
Proceſion advancing. 
4s, wy a body put in motion. 
rolate, 2 ed. 
—. of the moon, ars the me- 
dial points of Ber orbit. 
Radius, the ſemidiameter of a circle, 
Ratio, proportion. 
Ravelin, a half moon in fortification, 
Recipient, receiver. 
Reflection, directed backwards. * 
RefraQtion, a wariation of a ray of light 
8 ible, urned out of courſe. 
epulſion, driving off from itſelf. 
Reſervoir, a large conſervatory of water 
Retrograde, to go backwards. 
8 returning mor ion. 
oration, turnin 1 nd as a wheel, 
t; part o eirt le. . 
Solar, belonging to the ſun, 
Solſtice, Ration of the ſun, 
Sphere, a plobe. 
Spheriod, an oblong 757 
— a glaſs bone (0G ; 
Toad bur ning * 


Tranſparent, he to the light. © 


Vacuum, ſpate 9 by matter. 

J fy of i in fu | 
L. any Log 

Yo owing like plant 


"Vitreous, re embling glaſs. 
2 5 any ehing W . round. 
h, the eint over head. 
2055 the ſun's track in the 12 fan 


and een Place — a far. 10 K * # diviſſion of the earth. 
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